
EP0260460B1 Description BACKGROUND OF THE INVENTION 5   A. Field of the
Invention The present invention involves the adapting of an estimated
probability of a decision event as successive decisions are processed. 10
B. Description of the Problem Various phenomena are represented as binary
decisions in which one of two decision symbols (such as yes and no) is
characterized by one probability (Pr) and the other symbol is characterized
by a probability (1- Pr). The less likely symbol is typically referred to
as the less probable symbol LPS whereas the other symbol 15  Is referred to
as the more probable symbol MPS. For example, in optical imaging, a frame
of data may include a plurality of picture elements (or pels) which can be
black or white. In a particular area of the frame, black pels may
predominate. The probability of a white pel being in such an area is then
the less probable event and the probability of a white pel being noted in
the area may be characterized as Pr. Over time, the relative likelihood of
black pels and white pels in the area 20  may change, so that Pr and (I-Pr)
may vary. In fact, over time white pels may become dominant in the area. In
various environments such as that outlined hereinabove, binary decisions
are processed in some man- ner dependent on the probabilities Pr and (1-Pr)
of the respective LPS and MPS decision outcomes. In prior technology, the
probability Pr is initially determined as an estimate from previous data or
as an estimate based on intuition, mathematics, assumptions, a statistics
collection, or the like. In some instances, 25  the initial estimate may be
used throughout the processing of decision data even though the original
estimate may deviate considerably from the probability reflected in actual
data. In other instances, however, the estimated value for the probability
is made to track the actual probability as reflected by actual data. In
compressing and decompressing data based on binary arithmetic coding, for
example, the estimate of the probability of an LPS event is notably
important. In binary arithmetic coding, suc- 30   cessive binary decisions
are mapped into successively smaller, lesser-included probability intervals
along a number line. In particular, foreach binary decision an interval is
partitioned into a P segment and a Q segment. The length of each segment is
intended to correspond to the respective probability of the event or symbol
cor- responding to the segment. According to this type of coding, if there
is an MPS event, the P segment becomes the new interval which is then
partitioned into two segments for the next decision. Alternatively, if a
less prob- 35  able LPS event Is encoded, the Q segment becomes the new
interval which is then partitioned. A significant aspect of the compression
achieved by arithmetic coding resides in the fact that the P segment is
represented by fractional bits whereas the Q segment is represented by one
or more bits. Because the MPS event is more likely to occur, a great
majority of events are encoded with relatively few bits. To accurately
allocate the portions of a number line interval and to ensure that the
proper number of bits is allocated to each possible binary event, 40  the
respective probabilities should be reasonably accurate. Accordingly,
adapting an estimated probability of the LPS event or MPS event as
conditions change is particularly significant in arithmetic encoding. In
one approach to the problem of adapting the probabilities of an arithmetic
coding device, a prior method has been suggested in which symbol
probabilities are generated to reflect data history. One article which dis-
cusses such prior art is Included in the IBM Technical Disclosure Bulletin
in volume 22, No. 7, December 1979, 45  pp. 2880-2882, and is entitled
"Method for Converting Counts to Coding Parameters" (by G.G. Langdon, Jr.
and J.J. Rissanen). The article states that it is desired to detect changes
in the symbol probabilities from ob- served symbol occurrences, and to
modify the LPS probability q accordingly. One approach suggested by the
article is to change q to reflect the number of counts of one symbol
divided by the total number of symbols counted during a symbol string. That
is, if k Is the counts for one symbol and n is the number of counts for 50
both symbols, symbol probability is changed based on k/n. Another article
by Langdon and Rissanen, "Compression of Black-White Images with Arithmetic
Coding", IEEE Transactions on Communications, volume COM-29, No. 6, pp.
858-867, June 1981, also discusses adapting probabilities in an arithmetic
coding environment. In discussing adaptation to nonstationarystatistics,
the IEEE article proceeds on page 865 as follows: "Suppose that we have
received r [consecutive] 0's at state 55  z, and our current estimate of
the probability of [symbol] s(i) being 0 is p=cOc [where cO is a count
defined as c(0 z,s(O)...s(t)) and c is a count defined as c(z,s(0)...s(t))]
. We receive the symbol s(i). If s(i) Is 0, we test: Is [err] If yes, we
regard the observation as being ... consistent with our estimate of p, and
we update cO and c by I to form a new estimate.... If, however, [err] the
observation is likely an Indication of 2 



EP 0 260 460 B1 changed statistics, and we ought to be prepared to change
our estimates to a larger value of p. We do this by halving the counts cO
and c before updating them by 1. If the received symbol s(i) Is 1, we do
the same con- fidence test using the probability p(r).... In reality, for
the sake of easier Implementation, we put suitable upper and lower bounds
on the count of the less probable symbol for each skew value Q [Q(s)] to
indicate when to 5   halve or not the counts." In describing the Q(s)
value, it is noted that the IEEE article discusses the approxi- mating of
the less probable symbol probability to the nearest value of 2- [err]
where Q(s) Is an integer referred to as the "skew number". A further
discussion of probability adaptation in an arithmetic coding skew coder is
set forth In an article by G.G. Langdon, Jr. entitled "An Introduction to
Arithmetic Coding", IBM Journal of Research and Develop- 10  ment,; vol.
28, n. 2, March 1984, 135-149. As noted hereinabove, the skew coder is
limited to probability values which are powers of 2 (for example, 1/2, 1/4,
1/8, ...). Although the skew coder can provide rapid adaptation, the
limitation on possible probability values to powers of 2 results in
inefficiency when the probability is at or near 0.5. Other prior technology
includes U.S. Patents 4467317,4286256, and 4325085 and an IBM Technical
Dis- 15  closure Bulletin article in volume 23, No. 11, April 1981,
pp.5112-5114, entitled "Arithmetic Compression Code Control Parameters
Approximation" (by D.R. Helman, G.G. Langdon, Jr., and J.J. Rissanen). The
cited refer- ences are incorporated herein by reference to provide
background information. SUMMARY OF THE INVENTION 20 The present invention
addresses the problem of providing a computationally simple yet nearly
optimum technique foradaptivelydetermining symbol probabilities, especially
in a binary arithmeticcoding environment. One sample environment of the
invention Is in binary arithmetic coding. In binary arithmetic coding, a
num- ber interval shrinks to successively smaller dimensions after each
decision in a sequence of decisions is en- 25  coded. How much a current
interval shrinks in response to an encoded decision event depends on the
outcome of the decision, the size of the resulting interval being
relatively largefor more probable outcomes and relatively small for less
probable outcomes. Each resulting interval is represented as an augend
value A. If the augend value A is less than a prescribed minimum value
AMIN, the augend value A is renormalized to exceed AMIN. In other
environments as well an augend value may be defined which is renormalized
in response to de- 30  cision event inputs. In accordance with one
preferred mode of the present invention, there is a table of probability
values as- sociated with one of the two possible binary events that can
result from a decision. At a given time and for a given context in which
decisions are made, one table value is identified as the current
probability value. Ac- cording to the invention, a renormalization of the
augend A in response to the encoding of a decision event 35  prompts an
up-dating of the current probability value. That is, providing the table
has sufficiententries, a poin- ter moves to a higher probability value in
response to a renormalization caused by a first type of decision event and
moves to a lower probability value caused by the other type of binary
decision event. It is thus an object of the Invention to provide for
up-dating the probability value of a decision event based on augend
renormalization. 40      This object Is achieved by a method according to
Claim 1. In a particular embodiment of the invention, decisions may be
associated with differing contexts. For ex- ample, black-white binary
picture element (pel) decisions may be applied to differing contexts --a
first context perhaps applying to a neighborhood of pels having much more
black pels than white pels, a second context applying to a predominantly
white pel area, and a third context in which the pels may be fairly evenly
distributed. 45  The present invention permits the processing of decisions
In such multiple contexts, wherein for each context there is a respective
table value identified therefor. It is thus another object of the invention
to adapt the probability value for each respective context in re- sponse to
the encoding of decision events in the respective context. Moreover, in one
multiple context embodiment, it is a related object to adapt the
probability values for dif- 50  faring contexts based on the
renormalization of a common augend value. In another multiple context
embodi- ment, each context has a respective augend value associated
therewith. Also according to the invention, the "rate" at which adaptation
occurs may be varied. In a first single rate 



embodiment, the present invention permits a currentvalue to be (a)
incremented to one prescribed highervalue in the table in response to
renormalization following a first type of binary decision input and (b)
decremented 55  to one prescribed lower value In the table in response to
renormalization following the other type of binary de- cision input. For
example, in the event of an LPS renormalization, the estimated probability
value Q.; of the LPS event increments to the next prescribed higher value
in the table whereas In the event of an MPS renor- malization, the
estimated probability for [err] decrements to the next lower value in the
table. In an alternative, 3    EP 0260460 B1 multiple rate embodiment, any
of a plurality of probability values can succeed a current value. In
particular, when there is a high renormalization correlation (i.e.,
numerous successive LPS renormalizations, MPS re- normalizations, or both),
larger changes In the probability value are provided. It is thus another
object of the Invention to permit the probability value to index through
the table over vary- 5   ing distances depending on the instability
recognized through renormalization correlation, in order to move more
rapidly to correct for assumed gross errors In estimation. In accordance
with one embodiment of the invention, the paths that can be followed from
probability value to probability value in the table are specified in
accordance with a finite state machine implementation. That is, a plurality
ofstates are provided, one of which Is the current state for a given time.
The current state indicates 10  not only what the present probability value
is but also reflects a history of prior renormalizations in the possible
next states linked thereto. In another embodiment, selection of the next
probability value from among the possible succeeding values is determined
logically. Based on a count Indicative of renormalizatlon correlation, the
current probability value is up-dated to a next value which may be more
than the next higher or lower value in the table. 15      For an ordered
table, the present invention thus achieves the object of permitting
indexing by various pre- scribed increments along the table depending on
renormalization correlation. It is yet a further object of the invention to
choose entries in the probability value table to balance increment and
decrement probabilities at each probability value. Moreover, In choosing
values for the table, it Is an additional object of the invention to avoid
probability 20  values which are too close to the minimal augend value.
Such values would too readily prompt MPS renormal- ization. Finally, the
present invention provides good adaptation over the range of possible
probability values and permits a convenient method of probability
adaptation without event counters being required. 25  BRIEF DESCRIPTION OF
THE DRAWINGS Fig. 1     is an illustration showing the changing of the
estimated probability value [err] In response to au- gend renormalization.
Fig. 2     is a graph showing coding inefficiency. 30   Fig. 3   Is a table
showing current Information stored for differing decision contexts. Fig. 4
is an illustration showing a sequence of decision inputs in various
contexts. Fig. 5     is an illustration of a finite state machine
embodiment of the invention which features single-rate probability
up-dating. Fig. 6     is an Illustration of a finite state machine
implementation of the invention featuring multi-rate up- 35
dating of the probability value. Fig. 7     is a diagram showing the
present invention in an arithmetic coding environment. Fig. 8     through
Fig. 35 are flowcharts depicting an implementation of the present invention
in an arith- metic coding environment Fig. 36    is an illustration
depicting a word/speech recognition environment to which the present
invention 40             is applicable. DESCRIPTION OF THE INVENTION 1. An
Arithmetic Coding Embodiment 45 A. Arithmetic Coding and Probability
Adaptation Environment The above-cited prior art articles by Langdon and by
Langdon and Rissanen discuss arithmetic coding in detail and are
incorporated herein by reference for such teachings. 



50      Arithmetic coding has been found to be a powerful technique for
encoding strings of data symbols into compressed form, transferring the
compressed (encoded) data, and retrieving the original data symbol string
by means of a decoder which undoes the encoding. Arithmetic coding derives
its power from two basic attri- butes: (1) the ability to approach the
entropy limit in coding efficiency and (2) the ability to dynamically
change the probabilities of the symbols being encoded. 55      In
accordance with arithmetic coding, a plurality of decisions are to be
encoded to represent a point on a number line. The point Is associated with
a number line interval which uniquely represents a particular se- quence of
decisions. Such encoding is accomplished by initially defining a current
interval bounded by two points on a number line. The current interval is
then partitioned into segments, each segment corresponding 4    EP 0 260
460 B1 to one of the possible events that may result from a decision. The
possible events should be exclusive; no segments overlap. In a multiple
symbol environment, each decision can result in one of m events (where
[err] The length of each segment is determined by the relative probability
of the decision event corresponding there- to. That is, the larger the
decision event probability, the larger the segment corresponding thereto.
This is sig- 5   nificant, in that largersegments can be represented by
fewer bits; hence, the events which should be encoded more frequently are
represented by relatively few bits. For binary arithmetic coding in which
m=2, a less probable symbol LPS event may correspond to either a YES or a
NO symbol (or event) for a given YES/NO (YIN) decision; the other event
then corresponding to a more probable symbol MPS event. The segments are
conveniently referred to as the Q segment (which cor- 10  responds to the
less probable event) and the P segment (which corresponds to the more
probable event). The length of the Q segment corresponds to the estimated
probability [err] for the LPS event and the P segment corresponds to the
probability (1- [err} If the Q segment is at the lower-in-value end of the
number line, the coding scheme is styled a P/Q scheme. However, as noted In
the oo-pending European patent application EP- A-0260 462 filed on even
date herewith, entitled Arithmetic Coding for Data
Compression/De-compression 15  By Selectively Employed Diverse Arithmetic
Coding Encoders and Decoders, invented by J. L. Mitchell and W. B.
Pennebaker, the ordering of the segments may be varied. The
above-referenced application is Incorpo- rated herein by reference for the
discussion of various arithmetic coding embodiments with which the present
invention may be employed. Referring to the P/Q binary arithmetic coding
scheme by way of example, a code point C is specified to 20  point at the
bottom of a current interval. Depending on whether the next event is an LPS
or MPS event, the Q segment or P segment, respectively, is selected as the
current Interval which is then divided into a Q segment and P segment, and
so on. The current interval continues to shrink with each decision, and the
point C iden- tifying successive current intervals increases in precision.
The value of the current interval is represented as an augend value A. To
facilitate computation, the augend 25  value is maintained within
prescribed limits. For example, A can be held between 0.5 and 1, or between
0.75 and 1.5, or between 1.0 and 2.0. The advantages achieved by these
choices are noted herein and in a co- pending European patent application
EP-A-0260 461 filed on even date herewith, invented by researchers at the
IBM corporation and entitled: Arithmetic Coding Encoder and Decoder System.
At this point it should be noted that, traditionally, probability intervals
range between 0 and 1. 30    Although having a probability interval bound
which exceeds unity may appear improper, prescribing such a limit results
in no adverse consequences and in fact facilitates coding because of
renormalization. When the augend value Afalls below the lower limit AMIN,
the augend value is renormalized. In particular, the renormalization
involves multiplying the augend value by two (or some power of two) to
bring the value of Ato above AMIN. As noted hereinbelow, the value forAis
typically involved in various multiply operations. Dur- 35  ing encoding
with properly prescribed limits, these operations can be greatly
simplified. In this regard, it is observed that the coding process for the
typical P/Q binary coding scheme may be summarized as follows: If an MPS is
encoded- [err] [err] 40       If an LPS Is encoded-- A - A x Q. 



In these and the following formulas the sign [err] means thatthe leftterm
(newvalue, e.g. [err]) results from the right term (previous value, e.g.
[err]. By maintaining Awithin the limits 0.75 to 1.5, the value of A may be
approximated as 1.0. It is then noted 45  that the above computations
simplify to: If an MPS is encoded- [err] [err] If an LIPS is encoded-- 50
[err] In the event that A < 0.75 after a decision event is encoded, there
is a renormalization of A and C. By re- normalizing C as well as A, the
code point value remains in the same proportions as the interval. Hence,
the renormalization allows finite precision arithmetic and does not
adversely affect the coding process precision. In accordance with the
present invention, the value of Q. is up-dated each time Aand C are
renormalized. 55      For decoding the encoded data generated according to
the P/Q scheme, the following operations are per- formed: if C > [err] an
MPS is decoded and the following computations are made: 5    EP 0 260 460
B1 [err] [err] If the above condition does not hold, an LPS is decoded and
[err] 5      The simplified encoder (and decoder) described above are ideal
for hardware implementation because the range subtraction (addition) and
the code stream addition (subtraction) can be done in parallel. However, a
software implementation employing the same conventions for defining and
changing the code stream is not as efficient because two arithmetic
operations are required on the most frequently taken path. Therefore, a
more efficient software Implementation of the encoder is realized by
pointing the code stream, C, at the top 10  of the current interval rather
than the bottom. For software, the encoding process is as follows: If there
is an MPS event-- [err] if there is an LPS event-- [err] 15
[err] In either case, if [err] renormalize Aand C; update Q.. A description
of inverted coding is set forth In the aforementioned patent application
relating to arithmetic 20  encoding with selectively employed encoders and
decoders. In examining the above conventions, it is noted that A and C are
renormalized in each embodiment when A< 0.75, and [err] is correspondingly
up-dated. The manner in which Q, is up-dated according to the invention is
now described. 25  B. Up-dating the Probability Estimator 1. Up-dating
[err] with Each Augend Renormalization Fig. I illustrates the up-dating of
an estimated probability value [err] as succeeding events are decoded 30
and renormalizations occur. In Fig.1, the ordinate represents values of the
augend A and the abscissa repre- sents allowed values of [err] as included
in a [err] table (discussed hereinbelow). Starting at the allowed [err]
value of 0.421875, an LPS event is encoded resulting in an augend value of
0.421875. The LPS event, which drives the augend to a value less than 0.75,
results in an LPS renormalization (or "LPS renorm") which results In an
incrementing of the [err] value to OA6875 and a renormalization of A to a
value of 0.84375. It Is noted that re- 35  normalizing Aand C in the
present embodiment involves a multiplication by two. This operation is
notonly sim- pie -being performed with simply a register shift- but also
makes it easy to keep count of the number of re- 



normalizations performed. A subsequent MPS event results in A taking on the
value 0.375 according to the simplified expression: [err] 40      That is,
A = (0.84375 - OA6875) = 0.375 Because A isless than 0.75, an MPS
renormalization (or MPS renorm") takes place. [err]  takes on the lower
value of 0.421875 and A is renormalized to a value of 0.75. (Afurther
renormalization is not required because the value of A is no longerless
than 0.75.) On the next MPS event, Adecreases to 0.328125 which is less
than 45  0.75. A lower [err] 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 A to drop to 0.65625 which results In an MPS
renorm. A lower value of [err] is chosen, namely 0.3046875, and the augend
A is multiplied by two to become 1.3125. On the second MPS event
thereafter, an MPS renorm Is re- 50  quired. 2. The [err] Table(s) In
accordance with the invention, 0. values such as those shown in FIG.1 are
stored In table form. In Table 55  1, a plurality of allowed [err]  values
are shown in hexadecimal notation in the left column. Each [err] value in
the table Is preferably a 12-bit value and is defined to occupy two bytes.
The [err] 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 [err]  value. To move to an adjacent entry in the
table, a shift of two bytes is required. In Table 1, the second 6    EP 0
260 460 B1 column indicates how many bytes are to be shifted for each
listed probability value following an LPS renorm. It is observed that, In
some instances, an LPS renorm results in the probability value incrementing
by one, two, or three index positions in the table. In examining Table 1,
It is observed that entries therein correspond to the [err] values set
forth in Fig. 1. 5   That is, 0.46875 in decimal corresponds to the 0a80
hexadecimal value In Table 1. The three entries listed thereafter--namely
0a00, 0900, and 0700--correspond respectively to the 0.421875,0.328125, and
0.3046875 values of Fig. 1. The negative of Q. Is used where MPS is 1. An
alternative to Table I is shown in Table 2. Table 2 shows qiO values for
allowed Q. values which are associated with LPS renormalization. The qiO
term in Table 2 Is referred to as qilps(iO) indicating that the index 10
contains information relating to the next [err] value (qO) for both MPS of
0 ,i.e., positive [err] and MPS of I ,i.e., negative Q. and the index (iO)
therefor which apply when an LPS renorm occurs. In Table 2, both the next
[err] value and its associated 10 value are found at the previous Index. In
Table 1, however, a next index is first de- termined and then the next
[err] value is determined therefrom. Table 2 provides a simpler look-up
procedure. Table 3 is similar to Table 2, except that It is intended for
use with MPS renorms. In particular, in the event 15  of an MPS renorm,
Table 3 shows the next probability value qO and next index iO for each
[err] value in the table. In Table 2, highervalues are chosen whereas in
Table 3 lower values are chosen. Note that the index changes in multiples
of 4 for tables 2 and 3 because qiO has both the new QO and 10 at an entry.
It should be recognized that the tables only include [err] values In the
range from 0 to 0.5. At 0.5, the binary event representing the LPS becomes
the MPS and vice versa. The event which corresponds to [err] thus 20
changes. For example, If a white pel event represents an LPS event, [err]
values represent the probability es- timated for the white pel event;
however, when the [err] value reaches and exceeds 0.5, the black pel event
now becomes the LPS event identified by [err]  The [err] table may be
viewed as symmetric about the exchange point where the definitions of the
LPS and MPS change. The selection of allowed [err]. values is determined
based on a number of factors. First, certain values are 25  recognized as
"bad" values. In particular, those values which can result in "trapping"
the Q. value are not per- mitted. Probability values that are at or near
the values AMIN/2, AMIN/4,... [err] -where n is some positive integer- are
considered "bad" values. At such values, a cycle of (1) LPS
renormalization, (2) movement to a first [err] value, (3) MPS renorm after
a single likely MPS, with a corresponding movement to a second (lower) 30
[err]  value, (4) another LPS and LPS renorm, and (5) a return to the first
Q. value could trap the estimation process. Accordingly, the values of
[err] are preferably selected to exceed AMIN by a prescribed value 8, so
that 



the probability of an MPS renorm after an LPS renorm is not excessively
high. One method of accomplishing this end is to space all smaller [err]
values after renormalization far enough away from hexadecimal val- 35  ue
'1000' to require a plurality of MPS events to invoke an MPS renorm
following an LPS renorm. For Q, values near 0.5 this condition is relaxed.
For very small 0. the interval between the renormalized Q. and AMIN must be
large enough that the MPS renorm probability is of the same order of
magnitude as the LPS probability. A second consideration in selecting table
values Involves coding inefficiency. In this regard, it is desirable that
minimum coding inefficiency be achieved over the range of allowed Q.
values. Referring to Fig. 2, a graph 40  of coding inefficiency vs. the
magnitude ofthe log2 Q, for the [err] values included in Table 1. The
circles represent experimental results and the solid line represents
theoretical results for a single context coding embodiment (see section 3).
Coding inefficiency is calculated from the difference between the number of
renormalization shifts per symbol and the entropy. Preferably, but not
necessarily, the most uniform curve -given table gran- ularity and
arithmetic approximations used In the coding-- is desired. 45      Third,
system responsiveness is a consideration; namely, how long It takes to
reach the proper [err] value from a value farfrom the mark. In furtherance
of this end, larger increments and decrements are selected be- tween
adjacent [err] values, provided that such large differentials do not
adversely impact stationary results. Stationary results are generated based
on data provided according to a fixed probability --for example, by a
pseudorandom number generator producing outputs based on a fixed
probability. Nonstationary results are 50  based on actual data wherein the
probability may fluctuate over time. Table I was determined in accordance
with the above considerations and represents a compromise be- tween
simplicity, minimum storage requirements for each context (e.g., six bits
which include one bit for the sense of the MPS symbol and five bits for the
index to the [err] value), reasonable coding efficiency for fixed (i.e.,
stationary) statistics, and good performance on multiple context data
obtained from different data comn- 55 pression models (for example, a
facsimile compression model and a continuous tone image compression mod-
el). In the above description, a compromise between coding efficiency and
rapid estimation of changing prob- abilities is noted. In furtherance of
these two objectives, the present invention further suggests an alternative
7    EP 0 260 460 B1 methodology for increasing the correction rate. Using
the same number of bits for each table entry (e.g., six bits), any one of a
plurality of next possible succeeding values may be chosen as the next
probability value based on a renormalization correlation count. This
multiple rate embodiment Is described hereinbelow in sec- tion 4. 5 3.
Single Context and Multiple Context Adaptation Referring to Fig. 3, a
context table is shown. In particular, three contexts C0, C1, and C2 are
listed. Each context corresponds to a different setting in which decisions
are being made. For example, the differing con- 10  texts could represent
different areas in a frame of optical data. One area of the frame may be
predominately black, another may be predominately white, and a third area
may be fairly evenly represented by each type of event. Accordingly, for
each context, there is a respective MPS Identifier; that is, an Indicator
as to whether the black (or YES) decision is the MPS or whether the white
(or NO) decision is the MPS. In binary notation this is represented in the
Fig. 3 table by the MPS column in which the 0 event represents the MPS
event for 15  the CO and C2 contexts, while the I event represents the MPS
event for the C1 context The next column in the table is a Q. index table
which indicates the Q. entry currently being pointed to for the respective
context. In context CO, the 0th entry is being pointed to; in the C1
context, the 12th entry Is being pointed to; and In the C2 context the 29th
entry is being pointed to. The respective current Q. values are shown in
the last column to be 0.5, 0.10, and 0.001, respectively. The MPS
identifier and Q. index are 20  preferably represented by 6 bits, the Q.
Index preferably being represented by 5 bits in this embodiment --it being
recognized that the number of bits may vary. In accordance with one
embodiment of the invention, a single augend value is stored and used
regardless of which context is being considered. As decisions are entered
in each context and as renormalizations are provided for each context, a
common augend is processed. 25      Byway of example, a string of 0 and I
bits are shown, each being associated with a corresponding context. 



The string 01100 represents bits in the CO-C1-CO-CO-C2 contexts,
respectively. From the table of Fig. 3, it is observed that the bit
sequence represents an MPS (for CO), an MPS (for C1), an LPS (for CO), an
MPS (for CO), and an MPS (for C2). Let the Initial value of A before the
first bit is encoded be 1.0 for purposes of this example. In response to
the bit string 01100, then, the following operations take place given a P/Q
encoding 30  scheme as described hereinabove: i. For the first bit, A <- A-
Q.(CO) = 1.0 - 0.5 = 0.5; Because A is now less than 0.75, A is renormalzed
to 1.0 and the value [err](CO); is decremented to 0.48. ii. The second bit
represents an MPS in context C1, causing the value of the augend A to drop
according 35     to the expression[err](Cl); which is equal to (1.0 - 0.1)
= 0.90. Neither renormalization nor Q,; up- dating is performed. iii. The
third bit is an LPS In context C0, resulting In an LPS renorm. The augend
value changes from 0.90 to [err] or O.48. The value for A must be
renormalized (doubled) to the value of 0.96 and the [err] value for the CO
context is incremented. For this example, It is assumed that the value
[err] Increments by 40     one entry back to the 0th entry. As discussed
hereinbelow, the invention also contemplates the [err] value being moved
upward to a single value which is more than one entry away. Alternatively,
the invention con- templates the possibility of moving the [err] value
upward to a chosen one of several possible next [err] values depending on
how far the [err] value appears to be from the actual probability. The
latter methodology is discussed hereinbelow as a multiple rate embodiment.
45     iv. At the fourth bit, there is an MPS for context CO. A is altered
to (0.96 - 0.5) = 0.46 which requires an MPS renorm. The value for A is
doubled to 0.92 and [err] drops to 0.48. v. The fifth bit corresponds to an
MPS in context C2. The value of the augend A becomes (0.92 - [err] = 0.92 -
0.001 = 0.919; which is greater than 0.75. No renormalization takes place.
After the five bits, the table has the following entries. For context C0,
MPS=O, the [err](C0) index is 1, and. 50  the [err](C0) value is 0.48. For
context C1, all data remains unchanged. For context C2, all data remains
un- changed. The current augend A for the next encoded decision event is
0.919 regardless of the context of the decision. Another multiple context
embodiment is also within the scope of the invention. In particular, each
of a plur- ality of contexts has a respective augend value which is
up-dated and renormalized only for decisions in the 55  context thereof. In
environments where additional precision is desired for the estimator, an
independent augend for each context increases the storage per context to
include the augend bits. The multiple context embodiment, compared to a
single context embodiment, permits a plurality of decision contexts to be
processed together.    EP 0 260 460 B1 4. Single Rate and Multiple Rate
Asingle rate estimator provides that for a given [err] value, there is only
one specified greater value which Is to be chosen as the next probability
for an LPS renorm and one specified lesser value to be chosen for an 5
MPS renorm. An embodiment of a single rate estimator is set forth
hereinbelow in section 5 as a finite state machine. In addition to the
single rate estimator, a multiple rate estimator Is also contemplated by
the present in- vention. In particular, any one of a plurality of possible
permitted next [err] values can be chosen after a renorm depending on
renormalization correlation. Renormalization correlation indicates the
stability (or instability) of 10  the statistics of the data set for each
context individually. This is done by remembering the last renornalization
(either from an LPS or due to an MPS), and incrementing a four bit counter
by one if the renormalization is the same and decrementing the counter by
two if it is different The counter is clamped to prevent it from going
negative or exceeding 15. The amount of change in the estimate [err] Is
determined by the value of the counter, the change being largeras the
countervalue increases. The counter is also locked atthe smallest allowed
value 15  of Q.. This counter, a flag bit whose state is determined by the
previous renormalization for the context, and the variable
increment/decrement structure provide the multi-rate estimation process.
The renormalization correlation measure requires an additional five bits of
storage for each context. It also uses a table of estimated [err] values
with about twice the number of entries as the 6 bit context version. Thus,
>        a total of twelve bits of storage per context Is required for this
version: six bits for the value of  [err] one for for 



20  the MPS sense, one bit for the sense of the last renorm, and four bits
for the correlation count. Table 4 lists the Qvalues used for the
multi-rate estimator. The 61 entries require atleasta 6 bit index. The LPS
decrement is listed in the second column in units of 2 bytes. 5. Finite
State Machine Representation of the [err] Table 25 Fig. 5 shows a finite
state machine Implementation of a single rate, single context estimator.
The value [err] represents a state at which an event which MPS and LPS
event definitions are exchanged. In Fig. 5, each state has one outgoing
path for an MPS renorm and one outgoing path for an LPS renorm. For [err]
the MPS renorm results in an up-dating which returns to the same state. 30
Each state may thought of as a table entry, representing a particular [err]
value. Each entry is linked to two possible succeeding entries. Preferably,
MPS renorms result in movement to the next state closer to [err]  On an LPS
renorm, it is noted that the state may change by one, two, or more state
position on its path to a single possible next state. In Fig..6, a sample
multiple rate finite state machine implementation is Illustrated. For a
given value of [err] 35 e.g., 0.42, there are a plurality of states [err]
and [err]  which can follow state [err]. Also deriving from state k,, 1 are
two other possible states: [err] and [err]  Each follows a unique path from
state [err] each path being Identified by two bits. One bit indicates
whether the present renorm is an LPS oran MPS renorm and the other bit
indicates whether the most recent previous renorm correlates to the current
type of renorm. "00" indicates, for example, that the present renorm is an
LPS renorm and that the renorm previous thereto was not an LPS. 40  The 01
indicates thatthe current renorm is an LPS and that there is correlation.
In the simplified sample finite state machine, the 00 path goes to the
adjacent highervalue, 0.43 in the sample. (The values for [err] have been
selected to simplify the explanation and do not represent probability
values taken from an actual table.) For the 01 path, however, the next
value is two entries up --namely 0.44- reflecting the earlier correlation.
For the two MPS renorm states, the same Q. value results. However, if
appropriate, the two MPS paths may result 45  in different Q. values
sometime thereafter. In the finite state machine, the renormalization count
is integrated into the plurality of paths. C. Flowchart Implementations so
Referring to Fig. 7, the basic structure of the adaptor or probability
adaptor system is shown in a specific image processing embodiment. An
optical scanner 700 receives reflectance or photon count information from a
item being scanned. The information In analog form Is converted to digital
data by an AID converter 702 which directs the data in to an image buffer
704. The image buffer conveys data stored therein to a state generator
(model) 706. 55      The state generator 706 uses input data DATAIN to
determine the context STATE and current symbol YN (yes/no). The sense of
the most probable symbol (MPS) and the least probable symbol (LPS)
probability 0. which are stored at that context are generated as outputs by
the probability adaptorfor use externally. If a de- cision results in
renormalization and an up-dating of Q., the output values from the
probability adaptor 708 9    EP 0 260 460 B1 correspond to values stored
prior to such renormalization and up-dating. Fig. 8 is a flowchart showing
the general operation of the probability adaptor 708. The operation
INITADAPT (Fig. 9 and Fig. 10) Initializes the system and context storage.
The model proo- ess is represented by the statement "get S, YN". The ADAPT
block (FIG.13) uses the state S to Immediately 5   look up the MPS and Q
values for that state and then adapts MPS and Q according to the YN value.
The de- cision as to when to stop is provided by some external means. For
purposes of explanation, the following definitions of terms used In the
various flowchart operations discussed hereinbelow are provided. Q is
defined as a fixed point fraction with 12 significant bits in the programs
and flow charts. 10     A is a 16 bit integer, but can be considered a
binary fraction with the binary point positioned to provide 12 fractional
bits and 4 Integer bits. Acan be treated either as a universal parameter
(in flow chart names followed by the suffix -U) or as a function of context
(suffix -C). In the latter case, for example, each context may keep an
Independent value of A, AO(S)). QO(S) represents the LPS estimated
probability for context STATE S. (It is noted that the context STATE 



15  relates to different backgrounds of decisions which may be processed at
the same time, each having its own respective estimated Q value and its own
definition of MPS and LPS events. This context STATE differs from the [err]
states discussed with regard to the finite state machine, wherein each
state corresponded to a particular [err] value.) [err] Is positive when MPS
Is zero. When MPS is one, QO is the negative of the LPS estimated prob-
ability. 20     lO(S) Is an indicator of the current estimated LPS
probability in the table. 10 can have two parts. The low order byte lOB is
always the index of the current estimated LPS probability in the NEWQO
table. An example of a NEWQO table can be created from the first halfword
column in Table I for a 6 bit Q. The high order byte ROB is the current
rate parameter for the multi-rate implementation (suffix -M). For the
single rate implemen- tation (suffix -S) ROB is always 0 which means that
10(S) is equal to IOB(S). For the multi-rate implementation 25  the low
order four bits of ROB contain the four bit counter measuring
renormalization correlation. The next bit is a flag which is set to 1 when
the renormalization is on the MPS path, and reset to 0 when the
renormalization occurs on the LPS path. RMPS Is the table used to up-date
the rate for the multi-rate system after an MPS renormalization. The index
to RMPSis 5 bits. The most significant bit is one If the previous
renormalization for the context was an 30  MPS renorm and zero if the
previous renorm for the context was an LPS renorm. The low order 4 bits of
the input contain the current correlation count. The output has the same
structure, with the most significant bit being set to indicate that this
renormalization Is an MPS renormalization, and the low order 4 bits
containing the new correlation count. The correlation count in the output
is incremented by one relative to the input (to a maximum of 15) if the
renormalization flag of the input is set, and decremented by 2 (to a
minimum of zero) 35  when the renormalization is not set RLPS is the table
used to up-date the multi-rate system after an LPS renormalization. The
table structure is similar to RMPS, except that the correlation count is
incremented by one (to a maximum of 15) if the input renormalization flag
bit Is zero, and decremented by 2 (to a minimum of zero) if the flag bit is
one. IMPS is the table used to up-date the index 10 after an MPS. The
previous 10 Is the index to this table and 40  the output of the table is
the new 10. The low order byte of 10 (lOB) Is the index to the new [err]
One possible table of allowed [err] values for this multi rate system Is
given in the first column of Table 4. The high order byte contains the new
ROB rate byte. When ROB is zero, the MPS renormalization moves the [err]
index by 2 to the next smaller entry. When ROB Is not zero, extra change is
added or subtracted from the Q. index. In the case of the MPS 45  renorm, a
single increment by two Is always used, and therefore is combined with the
extra increments to sim- plify the computations. INC is the table
referenced by the rate to determine the total amount added to the lOB index
into the NEWQO table. One possible table has entries of
2224446688101212121212 2224446888101212121212. 50      The indexvalues in
IMPS are generated according to these rules, with appropriate clamping
atthe smallest [err] ILPS is the table used to up-date the index 10 after
an LPS. It has the same structure as IMPS, as the low order byte of 10
(lOB) is the index to the new Q. and the high order byte contains the new
ROB rate byte. When ROB is zero, the LPS renormalization requires the index
change listed in the second column of Table 4. When 55   ROB is notzero, an
extra change is made to the Q. index. XDEC is the table referenced by the
rate to determine the extra amount decremented from the lOB index. One
possible table has entries of 002244681014182226283030
002244681014182226283030. 10    EP 0 260 480 B1 The index values in ILPS
are generated according to these rules, with exchange of LPS and MPS sense
when the index change would exceed the maximum [err] AMIN determines when
renormalization is needed. T is a temporary variable to save intermediate
results. 5      Referring nowto Fig.9 and Fig.1 0, the operation INITADAPT
is shown. INITADAPT initializes the probability adaptor. Fig.9 shows the
initialization forthe case when A Is a universal parameter. After setting
up the tables, 



the AMIN is also initialized to '1000', which represents 0.75. INITSTATE-U
(Fig.11) block initializes the context storage. Then A is initialized to
one and AMIN is initialized to '1000' which represents 0.75. In Fig. 10 the
INITADAPT-C block sets up tables and then loops within the INITSTATE-C
(Fig.12) block to 10  initialize the context storage. The INITSTATE-C block
differs from the INITSTATE-U block in that it also has to initialize A0(S)
for each context. An example of initializing the context storage for each
state is given in INITSTATE (Fig.11 and Fig.12). For speed in computation,
the estimated LPS probability QO(S) is stored for each state. QO(S) Is
initialized to the first Q value in the NEWQO table. Since NEWQO(O) Is
positive, MPS is assumed to be 0. The Index of the LPS 15   probability is
also initialized to 0. This simultaneously sets both lOB(S) and ROB(S) to
zero. The 10(S) could be setto fixed initial conditions for each state.
Alternately, ROB might be set to the maximum rate so that adap- tation
would be rapid at first. For the context dependent case, AO(S) is
initialized to X1 000. ADAPT (Fig.1 3) shows the two paths taken according
to whether YN is I or 0 during the probability adap- tation. Note that MPS
and Q0(S) are used externally before this adaptation occurs. 20
ADAPTYN1-U (Fig. 14) adapts the probability for YN=1. If Q0(S) < 0, an MPS
symbol has occurred. A is decreased by adding the negative Q0. For the
universal case, a single A is used for all states. On the MPS path if A Is
less than AMIN, then Q0 will be decreased In UPDATEMPSI (Fig.18, Fig.19,
Fig.20 and Fig.21). The RENORMP-U (Fig.34) block renormalizes A. If 00 was
positive (zero is not allowed), A is set to Q0, and the QO is increased in
the UPDATELPSO block. SinceQO is always less thanAMIN, renormalization is
required. 25      ADAPTYNI-C (Fig.15) shows a similar adaptation process
for YN=1 for the case of context dependent AO(S). However, instead of a
single A, each state saves its own AO(S). The RENORMP-C (Fig.35) block re-
normalizes AO(S). ADAPTYNO-U (Fig.16) adapts the probability for YN=O. The
MPS path is to be taken when Q0(S) is pos- itive. A is decreased by Q0
before checking if A is less than AMIN. If so, Q0 will be decreased in
UPDATEMPSO 30  (Fig.22, Fig.23, Fig.24 and Fig.25) and then RENORMP-U
called for renormalization. On the LPS path, Amust be set to the negative
of QO, since Q0 is negative for MPS=1. Q0 is increased in UPDATELPSI
(Fig.26, Fig.27, Fig.28 and Fig.29) and then renormalization is necessary.
The context dependent case forADAPTYNO-C (Fig. 17) follows the same process
except that the context dependent AO(S) is used Instead of A. The logic of
the probability updating processes are illustrated for both the single rate
(-SL) and multi-rate 35  (-ML) versions. The same result is achieved in the
preferred embodiment with a finite state machine Imple- mentation for the
single rate (-SF) and multi-rate (-MF) versions. The flow charts for the
logical versions have table limits explicitly given by name even though for
a given [err] table the values can be set to constants. (Note that the Q.,
entries are each two bytes). The following table defines these table limits
for the 5 and 6 bit [err] tables. The A version for the 5 bit [err] was
used to generate the finite state machine. The B version has the 40  MPS=1
table starting at hex 80 so that the mosts significant bit in the byte will
be set. This simplifies construction of the tables for the multi-rate
version (6 bit [err] and 12 bit total context). For the 12 bit context, the
B version was used. For an MPS = 0, the value table entries are from IMINO
to IMAX0 inclusive. The MPS =1 table will be from IMIN1 to IMAX1 inclusive.
[err] 5 bit [err]                6 bit Q so
A         B             A         B IMINO         0         0             0
0 IMAX0      3A        3A            78        78 55 IMIN1       3C
80            7A        80 IMAX1       76        BA            F2        F8
EP 0 260 460 B1 The single rate version in Its logical form for the MPS
path for YN=1 Is shown in UPDATEMPSI-SL (Fig. 18). The next table entry is
calculated by adding 2 (2 byte table entries) to IOB(S) and is saved in the
temporary variable T. If T Is not less than IMAX1, then it Is set to IMAX1.
T Is stored at IOB(S) and the new QO looked up in the NEWQO table. 5
The multi-rate process UPDATEMPS1-ML (Fig.19) is slightly more complex. The
increment added to the old lOB is a function of the rate ROB. If the result
is less than IMAX1, the rate is updated through the RMPS 



table. Otherwise, the new lOB is reset to IMAXI and the rate is not
changed. After storing the new lOB, a new Q0 is looked up and saved. The
single rate finite state machine Implementation of the probability update
on the MPS path for YN=1 10  UPDATEMPS1-SF (Fig.20) finds the new lOB in
the IMPS table at the old lOB location. Then a new QO Is found at the new
lOB location in the NEWQO table. Instead of IOB, 10 could have been used
because ROB Is always 0. For the multi-rate finite state machine case
UPDATEMPSI-MF (Fig.21) the entire IO(S) must be used to find the new IO(S)
in the IMPS table. Then the new QO can be found In the NEWQO table using
just the low order byte lOB. I5     The logical versions of the MPS path
update for YN=O, UPDATEMPSO-SL (Fig.22) and UPDATEMPSO- ML (Fig.23), are
similar to the YN=1 path except that IMAXO Is used instead of IMAX1 and a
logical comparison Is made Instead of an arithmetic signed comparison. The
finite state machine versions for YN=O, UPDA- TEMPSO-SF (Fig.24) and
UPDATEMPSO-MF (Fig. 25), are identical to the YN=1 cases, since the MPS
dis- tinction Is contained in 1OB. 20      Updating the estimated
probability on the LPS path for the single rate logical version
(UPDATELPS1-SL Fig.26) starts with looking up the new indicator in the ILPS
table. If the result Is logically less than IMIN1 (i.e. the result Is not
in the table so an MPS exchange is needed), a new index is calculated by
subtracting from IMINI minus 2 the calculated value and then adding it to
IMINO. The index is stored in 1OB and a new QO is looked up in the NEWQO
table. 25     The multi-rate logical LPS update for YN=1 (UPDATELPS1-ML
Fig.27) also starts by looking up the new index in the ILPS table. Then an
extra decrement which is a function of the current rate ROB is subtracted.
The newrate can be found In the RLPS table. If the calculated
indextemporarily In Tis logically less that IMINI, a new index which
accounts for the MPS exchange is found and the bit which flags the sense of
the renormal- ization is flipped to Indicate an MPS last The calculated
index is stored in 1OB and the new QO looked up in 30  the NEWQO table. The
finite state machine versions of the single and multi-rate versions
(UPDATELPS1-SF Fig.28 and UP- DATELPS-MF Fig.29) look up the new Index
either as a byte or two byte quantity in the ILPS table. Then the new 00 is
found in the NEWQO table. When YN=O, the updating LPS path process
UPDATELPSO-SL(Fig.30) looks up the new index in the ILPS 35  table. If the
new Index is less than IMINO (i.e 0), an MPS exchange is needed. The new
value with MPS ex- change is calculated by subtracting from IMINO-2 the
temporary index and then adding it to IMIN1. The new index is calculated
and stored in lOB. Finally a new QO is looked up in the NEWQO table. The
multi-rate LPS update for YN=O UPDATELPSO-ML (Fig.31) decreases the new
Index obtained from the ILPS table by the extra decrement which is a
function of the rate. The new rate is found in the RLPS table. 40     If
the calculated Index is less than IMINO, an MPS exchange is needed. The new
index is calculated and the flag bit Is forced to an MPS last. The index Is
stored and a new QO looked up. The finite state machine versions for the
LPS path when YN=O (UPDATELPSO-SF Fig.32 and UPDA- TELPSO-MF Fig.33) are
exactly the same as the versions for YN=1. RENORMP-U (Fig.34) renormalizes
the universal A value one bit at a time. A is shifted until it is no longer
45  less than AMIN. The RENORMP-C (Fig.35) is used when A is saved as a
function of context. AO is shifted until greater than AMIN. The above
flowcharts may be prepared in various software languages including the
Program Development System Language which uses the forward Polish notation
and may be run on any of various computers such as an IBM 370 system. 50 D.
Test Sequence for a small data set An example of use of the present
probability adaptor in an arithmetic coding environment is now depicted.
The test file was generated using a random number generator such that the
probability of O's in the binary 55  sequence was 0.1875. The actual number
of zeros In the file was 48, as expected. The Initial Q value was set to
hex 'OA80' and the initial MPS was set to 0. Then a multi-rate 12 bit
context with only one state was used. In the following encoder tests, the
"codebytes" are listed as they are output. Two bytes In that column list
both a changed preceding byte along with the new byte. 12    



EP 0 260 460 B1 Test data (in hexadecimal form):
EBB7FAFEBFEFD6C7F7FFFDFE7FFBDFF3FDFFFF97F6F5F7FEB97BDF-76EDD7E7FF For this
file the coded bit count is 208, including the overhead to flush the final
data. The actual con- 5   pressed data stream is (in hexadecimal form):
459BB80493E801627BB33497424C3D5D2B60D29DOED7561BlCOO For this multi-rate
embodiment having a twelve-bit context, the following Tables 4 and 5
demonstrate the encoding and decoding using probability adaptation. It is
noted that the high order byte of 10 represent ROB and the low order byte
represent lOB. "ec" is the event count. "10" and "Q0", which together form
qi0 referred 10  to hereinabove, represent an index containing
renormalization correlation information. "Y/N" represents the input data in
binary form. The test data starts with EB... which, in binary, is 1110 1011
--the first eightY/N de- cision event Inputs. "A" Is the current augend
value. "x" is the value of the most recent encoded portion of an arithmetic
coded code stream. The "codebytes" indicate the actual compressed data
stream In hexadecimal notation. Table 5 shows en- 15  coding and Table 6
below shows the decoding process in which the Q/P ordering Is inverted.
Methodology re- lating to the encoding and decoding is set forth in the
above-mentioned co-pending application relating to ar- ithmetic coding
selectively employing disparate encoders and decoders. II. Word/Speech
Recognition Embodiment and Other Embodiments 2D The present invention Is
applicable to any environment in which a estimated probability [err] is to
be adapted based on a history of decision events. One example of such a
further embodiment relates to selecting an ap- propriate word path from a
plurality of word paths arranged in a tree. Such an arrangement is shown in
Fig. 36. In Fig. 36, the word "THE" may be followed by "DOG" or DUCK" at
junction J1. For convenience, the de- 25  cision at junction J1 is a simple
binary decision between two possible events. Initially there is a relative
probabilityfor each event-"DOG" and "DUCK"-- such that the probability of
one of the two events is less than the probability of the other event and
thus estimated by [err] As the junction JI is reached a number of times,
the respective probabilities of the two events may vary. For example, the
[err] value may be 0.10 where Q. indicates the probability of the word
"DUCK" following the 30  word "THE", the probabilityof the word "DOG"
thereby being 0.90. If, forthe nextone hundred times the junction J1 is
traversed, "DUCK" occurs once and "DOG" occurs ninety-nine times, the prior
estimate of [err] = 0.10; should be adjusted. The adjustment of [err]  is
made in accordance with the invention. First, an augend A Is defined at an
initial value, e.q. one. Each time the junction J1 is traversed, a deter-
mination is made whether the MPS event (in this Instance, the word "DOG" or
the LPS event (in this instance, 35  the word "DUCK" has occurred. If there
Is an LPS event, the initial value of the augend A is set equal to the
initial value set for the estimated probability multiplied by the previous
value for A, or Ax [err] When A is held near a value of one, A is set equal
to simply Q, If the value of A falls below a predetermined threshold AMIN,
it is increased by one or more prescribed amounts until the increased, or
renormalized, Avalue Is at least equal to the value of AMIN. Preferably,
AMIN 40  is greater than 0.5 so that each LPS event results in a
renormalization of the A value. As noted hereinabove, the increase Is
preferably by powers of two so that the value of A is successively doubled
until the doubled result is not less than AMIN. For the LPS event, the
value of [err] Is also changed to a higher value. The value may be
incremented by a known amount or may, as described hereinabove for the
arithmetic coding embodi- ment, be moved to a higher value listed in a
[err] table. 45      For an MPS event, the augend value Is reduced
according to the expression: [err] which simplifies to [err] when A Is
maintained near a value of one. If A is greater than or equal to AMIN, the
value for [err] remains un- 50  changed. In the event thatAdrops belowAMIN,
the value ofAis Increased (e.g., doubled) until it exceeds AMIN and the
value of [err]  is reduced. Implicit in this strategy is the notion that if
an LPS occurs, the [err] value is too low, whereas if enough MPS events
occur to cause an MPS augend renormalization (before there is an LPS
event), the [err] value is too high. By way of example, suppose that A is
set at one, that AMIN is 0.75, that [err] which estimates the likelihood 55
of the word "DUCK" occurring at junction J1 is valued at 0.35, and that
other estimated probability values in a table (not shown) include 0.375 as
the next higher adjacent value and 0.34 as the next loweradjacent value. 



If junction J1 is traversed and the recognized word Is determined to be
"DUCK", the value of A drops to 0.35, which is doubled to 0.70 and
re-doubled to 1.4 in order to exceed AMIN. And the value of [err]
increments to 13    EP 0 260 460 B1 0.376. If in the above example, an MPS
event (the word "DOG") was recognized, the value of A would have been
reduced to .eq (1.0 - 0.35) = 0.65; which Is less than AMIN. Awould be
doubled to a value of 1.3 which exceeds AMIN. And [err] would be
decremented In response to the MPS augend renormalization. 5      Junction
J1 may be viewed as one context. Similarly Junction J2 may be viewed as a
second context. Additional junctions would similarly represent respective
contexts. As in the arithmetic coding environment, each context may have
its own augend value or, alternatively, a common running augend may be
applied to all of the contexts. In the latter Instance, the augend
resulting after junction J1 follows the "DOG" path would then be applied
tojunction J2. The augend resulting from the decision 10  made at junction
J2 would then be applied to the decision to be made at junction J3 or J4 as
appropriate. It is thus noted that the teachings of the present invention
are applicable to a wide variety of applications --namely wherever a
probability estimator is to be adapted based on a history of earlier
decisions which affect the probability. It isfurtherobserved thatthe binary
decisions discussed hereinabove may involve decisions in which more 15
than two outcomes may result for a given decision, such multiple decisions
being re-formulated as a set of binary decisions. The preferred embodiment
has been described In terms of renonnalization by doubling of Awhen A is
less than a prescribed limit AMIN. Other renormalization conventions may be
used, such as setting A to a fixed known value when A is less than AMIN. 20
TABLE 1 [err]           I (dQ) 25 hex  0a80        2 hex  OacO        2 hex
OaOO        2 hex  0900        2 30
hex  0700        2 hex  0680        2 hex  0600        2 hex  0500        4
hex  0480        4 35                                        hex  0440
4 hex  0380        4 hex  0300        4 hex  02cO        4 hex  0280
4 40                                        hex  0240        4 hex  0180
4 hex  0120        4 hex  OOeO        4 hex  OOaO        4 45
hex  0070        4 hex  0060        4 hex  0054        4 hex  0028        4
hex  0018        4 so                                        hex  0014
6 



hex  OOOa        4 hex  0007        6 hex  0005        4 hex  0003        6
hex  0001        4 14    EP 0 260 460 B1 TABLE 2 qiO 5
qO        i0 hex f540  hex 0078 hex OacO  hex 0000 hex Oa80  hex 0004 hex
OaOO  hex 0008 10                           hex 0900  hex O0Oc hex 0700
hex 0010 hex 0680  hex 0014 hex 0680  hex 0014 hex 0600  hex 0018 15
hex 0500  hex OOlc hex 0480  hex 0020 hex 0440  hex 0024 hex 0380  hex 0028
hex 0300  hex 002c 20                          hex 02cO  hex 0030 hex 0280
hex 0034 hex 0240  hex 0038 hex 0180  hex 003c hex 0120  hex 0040 25
hex OOeO  hex 0044 hex OOaO  hex 0048 hex 0070  hex 004c hex 0060  hex 0050
hex 0054  hex 0054 30                          hex 0054  hex 0054 hex 0018
hex 005c hex 0018  hex 005c hex OO0a  hex 0064 hex OOOa  hex 0064 35
hex 0005  hex 006c hex OacO  hex 0000 hex f540  hex 0078 hex f580  hex 007c
hex f600  hex 0080 40                          hex f700  hex 0084 hex f900
hex 0088 hex f980  hex 008c hex f980  hex 008c hex faOO  hex 0090 45
hex fbOO  hex 0094 hex fb8O  hex 0098 hex fbcO  hex 009c 



hex fC8O  hex OOaO hex fdOO  hex 00a4 hex fd4O  hex Oa8 hex fd8O  hex OOac
hex fdcO  hex OObO 55 15    EP 0 260 460 B1 hex fe8O  hex OOb4 hex feeO
hex OOb8 hex ff20  hex OObc hex ff60  hex OOcO hex ff90  hex OOc4 hex ffaO
hex OOc8 hex ffac  hex 00cc hex ffac  hex 00cc hex ffe8  hex OOd4 hex ffe8
hex OOd4 hex fff6  hex OOdc hex fff6  hex OOdc hex fffb  hex OOe4 15 20 25
30 35 40 45 50 56 16    EP 0 260 460 B1 TABLE 3 qiO 5
qO         iO hex Oa80  hex 0004 hex OaOO  hex 0008 hex 0900  hex OOOc hex
0700  hex 0010 10                           hex 0680  hex 0014 hex 0600
hex 0018 hex 0500  hex O1c hex 0480  hex 0020 hex 0440  hex 0024 15
hex 0380  hex 0028 hex 0300  hex 002c hex 02cO  hex 0030 hex 0280  hex 0034
hex 0240  hex 0038 



20                           hex 0180  hex 003c hex 0120  hex 0040 hex OOeO
hex 0044 hex OOaO  hex 0048 hex 0070  hex 004c 25
hex 0060  hex 0050 hex 0054  hex 0054 hex 0028  hex 0058 hex 0018  hex 005c
hex 0014  hex 0060 30                           hex OOOa  hex 0064 hex 0007
hex 0068 hex 0005  hex 006c hex 003  hex 0070 hex 0001  hex 0074 35
hex 0001  hex 0074 hex f58O  hex 007c hex f600  hex 0080 hex f700  hex 0084
hex f900  hex 0088 40                           hex f980  hex 008c hex faOO
hex 0090 hex fbOO  hex 0094 hex fb8O  hex 0098 hex fbcO  hex 009c 45
hex fc8O  hex OOaO hex fdOO  hex OOa4 hex fd4O  hex OOa8 hex fd8O  hex OOac
hex fdc0  hex OObO 50                           hex fe8O  hex OOb4 hex fee0
hex OOb8 hex ff20  hex OObc 55 17    EP 0 260 460 B1 hex ff60  hex OOcO hex
ff90  hex OOc4 hex ffaO  hex OOc8 hex ffac  hex 00cc 5
hex ffd8  hex OOdO hex ffe8  hex OOd4 hex ffec  hex 00d8 hex fff6  hex OOdc
hex fff9  hex OOeO 10                       hex fffb  hex OOe4 hex fffd
hex OOe8 hex ffff  hex OOec hex ffff  hex OOec 15 25 30 



35 40 45 50 55    EP 0 260 460 B1 TABLE 4 [err]      I(dQ) e hex Oa80    2
5                                  hex OaOO    2 hex 0980    2 hex 0900
2 hex 08aO    2 hex 07cO    2 10                                 hex 0760
2 hex 0700    2 hex 06cO    2 hex 0680    2 hex 0640    2 15
hex 0600    2 hex 0580    2 hex 0500    4 hex 04cO    2 hex 04aO    2 20
hex 0480    4 hex 0460    2 hex 0440    4 hex 0420    4 hex 03cO    2 25
hex 0380    2 hex 0340    2 hex 0300    2 hex 02eO    4 hex 02cO    2 30
hex 02aO    2 hex 0280    4 hex 0260    2 hex 0240    4 hex 0220    4 35
hex OleO    2 hex OlaO    4 hex 0180    2 hex 0160    4 hex 0140    2 40
hex 0130    4 hex 0120    4 hex OOfO    2 hex OOeO    4 hex OOcO    2 45
hex OOaO    4 hex 0090    4 



hex 0078    2 hex 0070    4 hex 0060    2 hex 0054    4 hex 0048    4 hex
0038    2 55 19    EP 0 260 460 B1 hex 0030    2 hex 0028    4 hex 0024
4 5                                hex 0018    2 hex 0014    4 hex 0012
4 hex OOOc    4 hex OOOa    4 10                               hex 0007
4 hex 0005    4 hex 0003    4 hex 0001    4 15 20 26 30 36 40 45 55 20
EP 0 260 460 B1 TABLE 5 ec   IO    QO   YN    A              x
bits   codebytes 5 0    0000 OaSO      00001000    01801000           0 1
1180 f580  1  00001500    03001500            1 2    1282 f600  1  00001500
06002a00            2 3    1384 f680  1  00001600    Oc005400            3
10   4    0180 f580  0  00001300    18008f00             4 5    1082 f600
1  00001100    30011e00            5 6    0080 f580  0  00001400
60022e00            6 7    1082 f600  1  00001300    c0045c00            7
8    1184 f680  1  00001200    01801800            8       45 15   9
1286 f700  1  00001100    03003000              9 10    0082 f600  0
00001200    06005000           10 11    1084 f680  1  00001000    OcOOaOOO
11 12    1186 f700  1  OOOOlaOO    30028000           13 13    0084 f680  0
00001200    6004de00           14 14    1086 f700  1  00001100    cO09bcOO
15 



20  15    1188 f760  1  00001000    01801800            16       9b 16
128a f840  1  0000ld80    06006000           18 17    128a f840  1
000015cO    06006000           18 18    138c fBaO  1  OOOOlcOO    OcOOcOOO
19 19    138c f8aO  1  000014aO    OcOOcOOO           19 25  20    1490
f940  1  00001a80    18018000            20 21    1490 f940  1  000013cO
18018000            20 22    028a f840  0  OOOOlbOO    6005cc00
22 23    028a f840  1  00001340    6005ccOO            22 24    0386 f700
0  OOOOlfOO    01800200            24      b8 30   25    0386 f700  1
00001600    01800200            24 26    118a f840  1  OOOOlaOO    03000400
25 27    118a f840  1  00001240    03000400            25 28    128c f8aO
1  00001500    06000800            26 29    138e f900  1  00001b40
OcOOlOOO            27 30    138e f900  1  00001440    OcOOlOOO
27 31    1492 f980  1  00001a80    18002000            28 32    028c f8aO
0  OOOOlaOO    60003000            30 33    028c f8aO  1  000012aO
60003000            30 34    0388 f760  0  00001d80    01801300
32      04 35    0388 f760  1  000014e0    01801300            32 40  36
118c f8aO  1  00001880    03002600            33 37    118c f8aO  1
00001120    03002600            33 38    128e f9OO  1  00001380    06004c00
34 39    1390 f940  1  00001900    0c009800            35 40    1390 f940
1  00001240    Oc009800            35 45   41    1494 f9cO  1  00001700
18013000            36 42    1494 f9cO  1  OOOOlOcO    18013000
36 43    1598 fa80  1  00001500    30026000            37 44    0392 f980
0  00001600    cOO94200            39 45    1196 faOO  1  00001f00
01800400            40      94 46    1196 faOO  1  00001900    01800400
40 47    1196 faOO  1  00001300    01800400            40 55 21    EP 0 260
460 B1 48    1298 fa8O  1   0OO0laO0    03000800          41 49    1298
fa80  1  00001480    03000800           41 50    139a fbOO  1  0000leOO
06001000           42 s   51    0194 f9cO  0  00001400    17ffdcOO
44 52    1096 faOO  1  00001b80    2fffb8OO           45 53    0094 f9cO  0
00001800    bffe8a00           47 54    0094 f9cO  1  000011c0    bffe8aO0
47 55    1096 faOO  1  00001700    01801400           48      93 e8 10  56
0094 f9cO  0  00001800    06000cO0           50 57    0094 f9cO  1
OOOOllcO   O6OOcOO            50 58    1096 faOO  1  00001700    Oc001800
51 59    0094 f9cO  0  00001800    30001c00           53 60    0192 f980  0
00001900    c0002900           55 15  61    0290 f940  0  OOOOlaOO
03001aO0           57       01 62    0290 f940  1  00001340    0300la00
57 63    1092 f980  1  00001900    06003400           58 



64    1092 f980  1  00001280    06003400           58 65    1194 f9cO  1
00001800    Oc006800           59 66    1194 f9cO  1  OOOOllcO    Oc006800
59 20  67    1296 faOO  1  00001700    1800d000           60 68    1296
faOO  1  00001100    1800dO00           60 69    0092 f980  0  00001800
60031400           62 70    0092 f980  1  00001180    60031400           62
71    1094 f9cO  1  00001600    c0062800           63 25  72    1196 faOO
1  OOOOlf8O    01801000           64       62 73    1196 faOO  1  00001980
01801000           64 74    1196 faOO  1  00001380    01801000           64
75    1298 fa80  1  O0OOlbOO    03002000           65 76    1298 fa8O  1
00001580    03002000           65 so  77    1298 fa80   1  00001000
03002000          65 78    139a fbOO  1  00001500    06004000           66
79    139a fbOO  1  00001000    06004000           66 80    149e fb6O  1
00001600    Oc008000           67 81    149e fb6O  1  00001160    Oc008000
67 35  82    l5a2 fbaO  1  00001980    18010000           68 83    15a2
fbaO  1  00001520    18010000           68 84    15a2 fbaO  1  OOOOlOcO
18010000           68 85    16a6 fbeO  1  000018cO    30020000           69
86    16a6 fbeO  1  000014aO    30020000           69 40  87    049c fb4O
0  00001080   cOO7beOO            71 88    12aO fb8O  1  00001780
01801cO0           72       7b 89    12aO fb8O  1  00001300    01801cO0
72 90    13a2 fbaO  1  OOOOldOO    03003800           73 91    13a2 fbaO  1
000018aO    03003800           73 45  92    13a2 fbaO  1  00001440
03003800           73 93    14a6 fbeO  1  OOOOlfcO    06007000           74
94    14a6 fbeO  1  OOOOlbaO   .06007000           74 95    14a6 fbeO  1
00001780    06007000           74 96    029e fb6O  0  00001080    18017280
76 97    039a fbOO  0  00001280    60059a80           78 50  98    119e
fb6O  1  OOOOlbOO    cOOb3500           79 99    119e fb6O  1  00001660
cOOb3500           79 55 22    EP 0 260 460 B1 100    119e fb6O  1
OOOOllcO    cOOb3500           79 101    12aO fb80  1  00001a40    01800aO0
80       b3 102    12aO fbSO  1  0O0015cO    01800a00           80 103
12aO fbSO  1  00001140    01800a00           80 104    13a2 fbaO  1
00001980    03001400           81 105    13a2 fbaO  1  00001520    03001400
81 106    13a2 fbaO  1  0OOOlOcO    03001400           81 107    14a6 fbeO
1  000018cO    06002800           82 108    14a6 fbeO  1  000014aO
06002800           82 10  109    14a6 fbeO  1  00001080    06002800
82 110    029e fb6O  0  00001080    18006e80           84 111    lOaO fb8O
1  000017cO    3000ddOO           85 112    lOaO fb8O  1  00001340
3000dd00           85 



113   l1a2 fbaO  1  00001d80    6001baOO            86 15  114    l1a2 fbaO
1  00001920    6001baOO            86 115    OOaO fb8O  0  00001180
01801500            88      34 116    lOa2 fbaO  1  OOOOlaOO    03002a00
89 117    lOa2 fbaO  1  000015a0    03002a00            89 118    lOa2 fbaO
1  00001140    03002a00            89 20  119    lla4 fbcO  1  000019cO
06005400            90 120    lla4 fbcO  1  00001580    06005400
90 121    lla4 fbcO  1  00001140    06005400            90 122    12a6 fbeO
1  OOOOlaOO    OcOOa800            91 123    12a6 fbeO  1  000015eO
OcOOa800            91 25  124    12a6 fbeO  1  00.OOllcO    OcOOa800
91 125    OOaO fb8O  0  00001080    30026980            93 126    019c fb4O
0  00001200    c0097600            95 127    109e fb6O  1  OOOOla80
01800c00            96       97 128    109e fb6O  1  000015eO    01800c00
96 30  129    109e fb6O  1  00001140    01800c00            96 130    llaO
fb8O  1  00001940    03001800            97 131    llaO fb8O  1  000014cO
03001800            97 132    llaO fb8O  1  00001040    03001800
97 133    12a2 fbaO  1  00001780    06003000            98 35   134    12a2
fbaO  1  00001320    06003000            98 135    009e fb6O  0  00001180
18008500           100 136    lOaO fb8O  1  000019cO    30010a00
101 137    lOaO fbBO  1  00001540    30010a00           101 138    lOaO
fb8O  1  OOOOlOcO    30010a00           101 40   139    11a2 fbaO  1
00001880    60021400           102 140    lla2 fbaO  1  00001420
60021400           102 141    12a4 fbcO  1  00001f80    cO042800
103 142    12a4 fbcO  1  00001b40    c0042800           103 143    12a4
fbcO  1  00001700    c0042800           103 45   144    12a4 fbcO  1
000012cO    c0042800           103 145    13a6 fbeO  1  OOOOldOO
01801000           104       42 146    13a6 fbeO  1  000018eO    01801000
104 147    13a6 fbeO  1  000014c0    01801000           104 148    13a6
fbeO  1  OOOOlOaO    01801000           104 149    l4aa fc8O  1  00001900
03002000           105 150    l4aa fc80  1  00001580    03002000
105 151    14aa fc80  1  00001200    03002000           105 65 23    EP 0
260 460 B1 152    15ae fdOO  1  00001dOO    06004000           106 153
15ae fdOO  I  OOOOlaOO    06004000           106 154    03a8 fc4O  0
00001800    30014800           109 5    155    04a4 fbcO  0  OOOOleOO
01801e00           112       4c 156    04a4 fbcO  1  000019cO    01801e00
112 157    059c fb4O  0  00001100    06002200           114 158    13aO
fb8O  1  00001880    Oc004400           115 159    13aO fb8O  1  00001400
Oc004400           115 160    14a4 fbcO  1  OOOOlfOO    18008800
116 161    14a4 fbcO  1  OOOOlacO    18008800           116 



162    14a4 fbcO  1  00001680    18008800           116 163    14a4 fbcO  1
00001240    18008800           116 164    15a8 fc40  1  OOOOlcOO
30011000           117 165    03a2 fbaO  0  OOOOleOO    01801e00
120       3d 166    03a2 fbaO  1  000019aO    01801eOO           120 167
03a2 fbaO  1  00001540    01801eO0           120 168    049e fb6O  0
00001180    06003480           122 169    12a2 fba0  1  000019cO
Oc006900           123 170    12a2 fbaO  1  00001560    Oc006900
123 20    171    12a2 fbaO  1  00001100    Oc006900           123 172
13a4 fbcO  1  00001940    1800d200           124 173    019e fb6O  0
00001100    6002f400           126 174    lOaO fb80  1  000018cO
cOO5e800           127 175    009c fb4O  0  00001200    03000f00
129       5d 25   176    109e fb6O  1  00001a80    06001e00           130
177    109e fb6O  1  000015eO    06001e00           130 178    109e fb6O  1
00001140    06001e00           130 179    llaO fb8O  1  00001940
OcOO3cOO           131 180    llaO fb8O  1  000014cO    OcOO3cOO
131 30    181    009c fb4O  0  00001200    3000afOO           133 182
109e fb6O  1  OOOOla8O    60015e00           134 183    109e fb6O  1
000015eO    60015e00           134 184    109e fb6O  1  00001140
60015e00           134 185    11aO fb8O  1  00001940    cOO2bcOO
135 35   186    llaO fb8O  1  000014cO    cOO2bcOO           135 187
llaO fb8O  1  00001040    cOO2bcOO           135 188    12a2 fbaO  1
00001780    01801800           136       2b 189    12a2 fbaO  1  00001320
01801800           136 190    13a4 fbcO  1  00001d80    03003000
137 40   191    13a4 fbcO  1  00001940    03003000           137 192
019e fb6O  0  00001100    OcOO6cOO           139 193    lOaO fb8O  1
000018cO    1800d800           140 194    009c fb4O  0  00001200
60030f00           142 195    109e fb6O  1  00001a80    cOO61eOO
143 45   196    109e fb6O  1  000015eO    cOO61eOO          143 197    109e
fb6O  1  00001140    cOO61eOO           143 198    009c fb4O  0  00001280
03000580           145       61 199    019a fbOO  0  00001300    ObffdfOO
147 200    109c fb4O  1  OOOOlcOO    17ffbeOO           148 50   201
009a fbOO  0  00001300    5ffe9bOO           150 202    109c fb4O  1
OOOOlcOO    bffd3600           151 203    109c fb4O  1  00001740
bffd3600           151 55 24    EP 0 260 460 B1 204    109c fb40  1
00001280    bffd3600          151 205    119e fb6O   1  00001b80
01800c00         152      60 d3 206    009c fb4O  0  00001280    O5ffd480
154 5    207    109e fb6O  1  00001b80    Obffa900          155 208    109e
fb6O  1  000016e0    Obffa900          155 209    109e fb6O  1  00001240
Obffa900          155 210    llaO fb8O  1  00001b40    17ff5200
156 



211    009c fb4O  0  00001200    5ffced00          158 10   212    109e
fb6O  1  00001a80    bff9da00          159 213    109e fb6O  1  000015e0
bff9da00          159 214    109e fb6O  1  00001140    bff9da00
159 215    llaO fb8O  1  00001940    01801400          160      d2 9d 216
llaO fb8O  1  000014cO    01801400          160 217    009c fb4O  0
00001200    06000f00          162 15   218    109e fb6O  1  0000la80
OcOOleOO          163 219    109e fb6O  1  000015eO    OcOOleOO
163 220    109e fb6O  1  00001140    OcOOle0O          163 221    009c fb4O
0  00001280    30004580          165 222    109e fb6O  1  00001b80
60008b00          166 20   223    109e fb6O  1  000016eO    60008b00
166 224    009c fb4O  0  00001280    01800300          168       Of 225
109e fb6O  1  0000180    03000600           169 226    109e fb6O  1
000016eO    03000600          169 227    109e fb6O  1  00001240    03000600
169 25   228    009c fb4O  0  00001280    Obffel8O          171 229    109e
fb6O  1  00001b80    17ffc300          172 230    109e fb6O  1  000016eO
17ffc300          172 231    009c fb4O  0  00001280    5ffec300
174 232    109e fb6O  1  00001b80    bffd8600          175 233    109e fb6O
1  000016eO    bffd8600          175 234    109e fb6O  1  00001240
bffd8600          175 235    009c fb40  0  00001280    03002180
177       Oe d7 236    109e fb60  1  00001b80    06004300          178 237
009c fb4O  0  00001280    1800bO80          180 238    109e fb6O  1
00001b80    30016100          181 35   239    109e fb6O  1  000016eO
30016100          181 240    109e fb6O  1  00001240    30016100
181 241.   llaO fb8O  1  00001b40    6002c200          182 242    llaO fb8O
1  000016cO    6002c200          182 243    llaO fb8O  1  00001240
6002c200          182 40    244    009c fb4O  0  00001200    01801100
184       56 245    019a fbOO  0  00001300    06000f00          186 246
109c fb4O  1  OOOOlcOO    OcOOleOO          187 247    109c fb4O  1
00001740    OcOOleO0          187 248    109c fb4O  1  00001280    OcOOleOO
187 249    119e fb6O  1  0000lbSO    18003c00          188 250    119e fb6O
1  000016eO    18003c00          188 251    119e fb6O  1  00001240
18003c00          188 252    12aO fb8O  1  00001b40    30007800
189 253    12aO fb8O  1  000016cO    30007800          189 254    12aO fb8O
1  00001240    30007800          189 50    255    13a2 fbaO  1  00001b80
6000f00O          190 55   256    13a2 fbaO  1  00001720    6000f000
190 x-a                                6000d8eO 25    EP 0 260 460 B1 TABLE
6 5 Decoder (inverted version): 



ec    10   QO  YN      A            X           bits   codebytes 10   0
0000 Oa80      00001000    074c9e20           0 1    1180 f580  1  00001500
03993c40            1 2    1282 f600  1  00001500    07327880            2
3    1384 f680  1  00001600    Oe644701            3      b8 4    0180 f580
0  00001300    03c88eO2            4 5    1082 f600  1  00001100
07911c04            5 6    0080 f580  0  00001400    01223808            6
7    1082 f600  1  00001300    02447010            7 8    1184 f680  1
00001200    0488eO20            8 9    1286 f700  1  00001100    0911c040
9 10    0082 f600  0  00001200    02238080           10 20  11    1084 f680
1  00001000    0447fbO1           11       04 12    1186 f700  1  0000laOO
lllfecO4           13 13    0084 f680  0  00001200    003fd808           14
14    1086 f700  1  00001100    007fbOlO           15 15    1188 f760  1
00001000    OOff6020           16 25  16    128a f840  1  0000ld80
03fd8080           18 17    128a f840  1  000015cO    03fd8080           18
18    138c f8aO  I  OOOOlcOO    07fb6cOl           19       93 19    138c
f8aO  1  000014aO    07fb6cOl           19 20    1490 f940  1  0000la80
Off6d802           20 30  21    1490 f940  1  000013cO    Off6d802
20 22    028a f840  0  OOOOlbOO    Obdb6008           22 23    028a f840  1
00001340    Obdb6008           22 24    0386 f700  0  OOOOlfOO    016d8020
24 25    0386 f700  1  00001600    016d8020           24 26    118a f840  1
OOOOlaOO    02dbO040           25 35  27    118a f840  1  00001240
02db0040           25 28    128c f8aO  1  00001500    05b60080           26
29    138e f900  1  0000lb40    Ob6c1701           27       e8 30    138e
f900. 1  00001440    Ob6c1701           27 31    1492 f980  1  00001a80
16d82eO2           28 40   32    028c f8aO  0  OOOOlaOO    Ob60b808
30 33    028c f8aO  1  000012aO    Ob60b808           30 34    0388 f760  0
0000 d80    0082eO20          32 35    0388 f760  1  000014eO    0082eO20
32 36    118c f8aO  1  00001880    0105c040           33 37    118c f8aO  1
00001120    0105c040           33 38    128e f9OO  1  00001380    020b8080
34 39    1390 f940  1  00001900    0417fe01           35       01 40
1390 f940  1  00001240    0417fe01           35 41    1494 f9cO  1
00001700    082ffc02           36 42    1494 f9cO  1  OOOOlOcO    082ffcO2
36 50  43    1598 fa8O  1  00001500    105ff804            37 55 26    EP 0
260 460 B1 44    0392 f980  0  00001600    037feO10          39 45    1196
faOO  1  00001fOO    06ffc020          40 46    1196 faOO  1  00001900
06ffc020          40 47    1196 faOO  1  00001300    06ffc020          40 



48    1298 fa80  1  0000laOO    Odff8040          41 49    1298 fa80  1
00001480    Odff8040          41 SO    139a fbOO  1  00001eOO    lbffOO8O
42 51    0194 f9cO  0  00001400    Obfd3aO2          44       62 52    1096
faOO  1  00001b80    17fa7404          45 10   53    0094 f9cO  0  00001800
09e9dO10           47 54    0094 f9cO  1  OOOOllcO    09e9dO10          47
55    1096 faOO  1  00001700    13d3aO20          48 56    0094 f9cO  0
00001800    0b4e8080          50 57    0094 f9cO  1  OOOOllcO    Ob4e8080
50 15   58    1096 faOO  1  00001700    169d8401           51      7b 59
0094 f9cO  0  00001800    16761004          53 60    0192 f980  0  00001900
12d84010          55 61    0290 f940  0  OOOOlaOO    01610040          57
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faOO  1  00001380    00898020          64 75    1298 fa8O  1  OOOOlbOO
01130040          65 76    1298 fa8O  1  00001580    01130040          65
77    1298 fa8O  1  00001000    01130040           65 35   78    139a fbOO
1  00001500    02260080           66 79    139a fbOO  1  00001000
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34 81.   149e fb6O  1  00001160    044ccbOl          67 82    15a2 fbaO  1
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91 30   125    OOaO fb8O  0  00001080    Oc76cc04            93 126    019c
fb4O  0  00001200    Oldb3010           95 127    109e fb60  1  OOOOlaBO
03b66020           96 128    109e fb6O  1  000015eO    03b66020
96 129    109e fb6O  1  00001140    03b66020           96 130    llaO fbSO
1  00001940    076cc040           97 35   131    llaO fb8O  1  000014cO
076cc040            97 132    llaO fb8O  1  00001040    076cc040
97 133    12a2 fbaO  1  00001780    Oed98080           98 134    12a2 fbaO
1  00001320    Oed98080           98 135    009e fb6O  0  00001180
00678402          100       3d 40  136    lOaO fb8O  1  000019cO
00cf0804           101 137    lOaO fb8O  1  00001540    00cfO804
101 138    lOaO fbBO  1  OOOOlOcO    00cfO804          101 139    lla2 fbaO
1  00001880    019elO08          102 140    l1a2 fbaO  1  00001420
019elO08          102 141    12a4 fbcO  1  00001f80    033c2010
103 45   142    12a4 fbcO  1  00001b40    033c2010           103 143
12a4 fbcO  1  00001700    033c2010          103 144    12a4 fbcO  1
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14aa fc8O  1  00001900    OcfO8040          105 150    14aa fc8O  1
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06a2d401          115 160    14a4 fbcO  1  OOOOlfOO    Od45a802
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1  00001680    Od45a802          116 163    14a4 fbcO  1  00001240
Od45a802          116 164    15a8 fc4O  1  OOOOlcOO    la8b5004
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125a8020          120 168    049e fb6O  0  00001180    05ea0080
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126 174    lOaO fb8O  1  000018cO    1549f010           127 175    009c
fb40  0  00001200    0427c040           129 30  176    109e fb6O  1
OOOOla80    084f8080           130 177    109e fb6O  1  000015eO
084f8080           130 178    109e fb6O  1  00001140    084f8080
130 179    llaO fb8O  1  00001940    109f2dO1           131      d2 180
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Claims 1. Method of arithmetic coding, whereby portions C of the code are
calculated step by stop as code points [err]  on a number line, wherein
[err] Is the code point of the new step, Cprevious the code point of the
previous step and Aprevious the previous step value of the augend A, an
interval on 15      the number line, which is reduced with each coding step
and wherein [err] is the estimated probability which is adapted in response
to at least two decision event inputs (e.g. less probable symbol LPS or
more prob- able symbol MPS) comprising the steps of. reducing the next step
augend value [err] in dependence of the previous augend value [err] [err]
if the decision event input (e.g. MPS) Is different from the estimated
probability [err] or 20      reducing the next step augend value [err] in
dependence of the previous augend value [err] [err], if the decision event
input (e.g. LPS) is equal to the estimated probability [err] comparing the
reduced augend values Ato a prescribed minimum value AMIN and
renormalizing, prefer- ably doubling, the augend value A to a value [err]
AMIN whenever A is less than AMIN; updating the estimated probability value
[err] from a number of preselected [err] values each time A is re- 25
normalized; repeating the above-cited steps. 2. The method of claim 1,
especially for hardware binary coding where AMIN is 0.75 and the augend A
is maintained between the limits 0.75 to 1.5 characterized by: 30
calculating [err] and reducing the next step augend value [err] in
dependence of the pre- vious augend value [err] if [err] is the most
probable symbol MPS; or reducing the next step value [err], if [err] is the
less probable symbol LPS; and renormalizing the code point C and the augend
Aand changing the Q. value whenever A is less than 0.75. 35  3. The method
of claim 1, especially for software binary coding, where AMIN is 0.75 and
the augend A is maintained between the limits 0.75 to 1.5 characterized by:
reducing the nextstep augend value [err] independence oftheformer augend
value [err] [err] if   [err] is the most probable symbol MPS; or
calculating [err] and reducing the next step value Anew to Q, if Q. is the
less 40      probable symbol LPS; and renormalizing the code point C and
augend A and changing the [err] value whenever A is less than 0.75. 4. The
method of one of the preceding Claims comprising the further step of:
storing a table of selectable [err] values In a memory; wherein the current
value for [err] at any given time is a value from the table; and wherein
said up-dating step Includes selecting a prescribed table value which
becomes the current [err] value. 5. The method of Claim 4 wherein the [err]
value corresponds to a less probable binary decision event and wherein the
[err] value up-dating step includes the steps of: 50      in response to a
less probable decision event being entered as the next input and the
changed value of A being less than AMIN, choosing a larger-in-value [err]
value from the table; and 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 [err] 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 converge (I) the actual probability of
the less probable event and (ii) 
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Claims 1. Method of arithmetic coding, whereby portions C of the code are
calculated step by step as code points [err] on a number line, wherein
[err] is the code point of the new step, Cprevious the code point of the
previous step and Aprevious the previous step value of the augend A, an
interval on 15      the numberline, which is reduced with each coding step
and wherein [err] is the estimated probability which is adapted in response
to at least two decision event inputs (e.g. less probable symbol LPS or
more prob- able symbol MPS) comprising the steps of: reducing the next step
augend value [err] In dependence of the previous augend value [err] [err]
if the decision event input (e.g. MPS) is different from the estimated
probability Q.; or 20      reducing the next step augend value [err] in
dependence of the previous augend value [err] [err] if the decision event
input (e.g. LPS) is equal to the estimated probability [err] comparing the
reduced augend values A to a prescribed minimum value AMIN and
renormalizing, prefer- ably doubling, the augend value A to a value [err]
> AMIN whenever A is less than AMIN; updating the estimated probability
value [err] from a number of preselected [err] values each time A is re- 25
normalized; repeating the above-cited steps. 2. The method of claim 1,
especially for hardware binary coding where AMIN is 0.75 and the augend A
is maintained between the limits 0.75 to 1.5 characterized by: 30
calculating [err]  and reducing the next step augend value [err] in
dependence of the pre- vious augend value [err] if [err] is the most
probable symbol MPS; or reducing the next step value [err] if [err] Is the
less probable symbol LPS; and renormalizing the code point C and the augend
Aand changing the [err] value wheneverAis less than 0.75. 35  3. The method
of claim 1, especially for software binary coding, where AMIN Is 0.75 and
the augend A is maintained between the limits 0.75 to 1.5 characterized by:
reducing the nextstep augend value [err] in dependence of theformeraugend
value [err] [err] if Q, is the most probable symbol MPS; or calculating
[err] and reducing the next step value Anew to [err] if Q. is the less 40
probable symbol LPS; and renormalizing the code point C and augend A and
changing the [err] value whenever A is less than 0.75. 4. The method of one
of the preceding Claims comprising the further step of: storing a table of
selectable [err]  values in a memory; wherein the current value for Q. at
any given time Is a value from the table; and wherein said up-dating step
includes selecting a prescribed table value which becomes the current [err]
value. 5. The method of Claim 4 wherein the [err] value corresponds to a
less probable binary decision event and wherein the Q. value up-dating step
includes the steps of: 50      in response to a less probable decision
event being entered as the next input and the changed value of A being less
than AMIN, choosing a larger-in-value Q. value from the table; and 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
[err] value from the table. 55  6. The method of Claim 5 wherein said table
storing step includes the steps of: assigning [err] values for the table to
converge (i) the actual probability of the less probable event and (ii) the
estimated value [err] . 31 



EP 0 260 460 B1 7. The method of Claim 5 or 6, wherein said table storing
step includes the steps of: assigning Q. values for the table in which each
value after renormalization to a value greater than AMIN is at least a
prescribed value .eq delta; greater than AMIN. 5   8. The method of Claim 7
comprising the further step of: for each entry in the table, specifying
which Q. values can be chosen as succeeding values. 9. The method of one of
the Claims 1-3 comprising the further step of: defining a plurality of
contexts, each having a corresponding current Q. value in the stored table;
10      wherein said up-dating step includes the step of: for each decision
event resulting in a renormalization in a corresponding context, up-dating
the [err] value for the corresponding context. 10. The method of Claim 9
wherein the value of Aat a given time is common to all contexts at said
given time. 15  11. The method of Claim 9 wherein each context has a
respective A value assigned thereto. 12. The method of Claim 8 wherein said
specifying step includes the steps of. for each of at least some [err]
values in the table, identifying a plurality of selectable succeeding Q.
values one of which becomes the currente [err] value In response to a
selected one of the two possible binary de- 20      cision events being
entered as input. 13. The method of Claim 12 wherein the Q. up-dating step
Includes the step of: adjusting the Q. value In correspondence with a
renormalization correlation that represents the repetitive occurrence of
LPS renormalization events and the repetitive occurrence of MPS
renormalization events. 25 14. The method of Claim 13 wherein the Q,
adjusting step Includes the steps of. indexing a counter in a first
direction If an LPS renormalization follows an LPS renormalization or if an
MPS renormalization follows an MPS renormalization; and indexing the
counter in the opposite direction In the event that an LPS oran MPS
renormalization follows 30  an MPS or an LPS renormalization, respectively.
15. The method of Claim 14 wherein the Indexing in said other direction is
at twice the rate as the indexing in said first direction. 16. The method
of Claim 13 comprising the further step of. representing the [err] table as
a finite state machine in which each of at least some [err] sub table
entries has a plurality of states corresponding thereto, each state in the
plurality indicating and being selected according to a corresponding
renormalization correlation history. 17. The method of Claim 8 wherein
said. specifying step includes the steps of: 40      for each of at least
some of the [err] values in the table, identifying a single succeeding
[err] value which is selected as the current [err] value In response to
renormalization after a first of the two possible binary decision events
being entered as input. 18  The method of Claim 8 wherein said specifying
step further includes the steps of: 45      for each [err] value in the
table, identifying a first succeeding [err] value which is selected as the
current [err] value if a first of the two possible binary events is entered
as input; and for each [err] value in the table, identifying a second
succeeding Q. value which is selected as the current [err] value If the
other possible binary event is entered as input. 50  19. The method of
Claim 5 wherein the current augend value A is changed in value to equal (a)
[err] if the less probable event Is entered as input and (b) [err] If the
more probable event is entered as input, where Q, is the most recent
current value thereof, and wherein the [err] value up-dating step includes
the steps of: in response to a less probable decision event input, choosing
a larger-in-value [err] value from the table; 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. 32



20. Method according to one of the preceding claims, whereby the step of
comparing the reduced augend values A to a prescribed minimum value AMIN is
modified such that an augend A is renormalized in the event of (a) the
entering of a less probable binary event (LPS) input which reduces A below
a prescribed minimum AMINI, or (b) the entering of a more probable binary
event (MPS) input which reduces A below 5       a prescribed minimum value
AMIN2. 21. An arithmetic coding apparatus of adapting the probability of
one of at least two possible binary events, using one of the methods of
claims I to 20, whereby a current interval along a probability number line
is divided into (a) a lesser-included first interval which becomes the
current interval If a first type of decision 10      event is entered as
the next input, and (b) a lesser-included second Interval which becomes the
current interval if a second type of decision event Is entered as the next
Input, the length of the first interval cor- responding to a first
estimated probability of the first type of event being entered as the next
input and the length of the second interval corresponding to a probability
associated with the second type of deci- sion event being entered as the
next Input; and 15      whereby the value of the current interval Ala
stored in a memory and Is renormalized to increase the value thereof if A
is less than a prescribed minimum value AMIN; further comprising: table
means [err] table) forstoring selectable values [err] forthe probability of
said first binary decision event; pointer means [err] index table) for
identifying a current probability value in said table means [err] table);
and 20      up-dating means which include means for moving said pointer
means [err] index table) to a higher-In-value entry in said table means
[err] table) in response to a renormalisation after one of the two possible
binary events and to a lower-in-value entry in response to a
renormalisation after the other of the two possible binary events. 25  22.
The apparatus of Claim 21 wherein said table means comprises: a finite
state machine wherein the re- spective preceding entries and succeeding
entries for each table entry are specified. 23. The apparatus of Claim 21
wherein binary decisions in differing contexts are processed together, the
ap- paratus further comprising: a plurality of pointers including said
first pointer means, each pointer identifying a respective value in said
table means for each context; and means for recognizing the context in
which a binary decision event is made; wherein said pointer moving means
Includes means for re-positioning the pointer corresponding to the
recognized context. 35   24. The apparatus of Claim 22 further comprising:
means for varying the rate of pointer movement according to a measure of
renormalization correlation. 25  The apparatus of Claim 22 wherein said
table means comprises: a first stored table including a list of probability
value entries and for each entry therein, a corresponding 40      index
which identifies a higher succeeding probability value and the
corresponding index thereof; and a second stored table including a list of
probability value entries and, foreach entry therein, a correspond- Ing
index which identifies a lower succeeding probability value and the
corresponding index thereof; the apparatus further comprising: means
forup-dating the probability value to the identified highervalue entry in
said first table in response 45      to a renormalization following a first
type of decision event and for up-dating the probability value to the
identified lower value entry In said second table In response to a
renormalization following the second type of decision event. 5D
Patentanspriche 1. Verfahren zur arithmetischen Codierung, wobei Teile C
des Codes schrittweise als Codepunkte auf einer Zahlengeraden gemas Cmu v-
Corhe~rhend +AwOrhwghend * Q. berechnetwerden, worin Cnu derCodepunkt des
neuen Schrittes ist, C   mh..,mnd der Codepunkt des vorhergehenden
Schrittes ist und AvfMMhfld der 55       Wert des Augend Ades
vorhergehenden Schrittes let, einem Intervall auf derZahlengeraden, welches
in jedem Codierschritt reduziertwird, und worin Qdie geschatzte
Wahrscheintlchkelt ist, weiche in Reaktion auf mindestens zwei
Entscheidungsereignis-Eingangssignale (z.B. daswenilgerwahrschelnllche
Zeichen 33    
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der AnsprOche I bis 3, als weiteren Schritt umfaessend: Definieren einer
Vieizahl von Zusammenhingen, von denen jeder elnen entsprechenden
alktuellen Q.- Wert in der gespeicherten Tabelle besitzt; wobel der
Aktualislierungsschritt den folgenden Schritt enthalt: s
A-ctualisieren des Q0-Wertes fOr den entsprechenden Zusammenhang, wenn ein
Entscheidungsereignis in einem entsprechenden Zusammenhang zu elner
Renormlerung fthrt. 10. Verfahren nach Anspruch 9, worin der Wert von A zu
einem gegebenem Zeltpunkt fur alle Zusammen- hinge an diesem gegebenen
Zeitpunlct gleich iLt. 10 11. Verfahren nach Anspruch 9, worin jedem
Zusammenhang ein entsprechenderA-Wert zugeordnet lst. 12. Verfahren nach
Anspruch 8, worin der Spezifikationsschritt folgende weitere Schritte
enthilt fOr jeden von zumindestens einigen Q6-Werten der Tabelle
Identifizieren einer Vielzahl wahlbarer nach- folgenderQ.-Werte, von denen
einerzum akctuellen Q,-Wertwird, in Realtion auf els von zwei moglichen 15
binaren Entscheidungsereignissen, das als Eingangssignal eintritt. 13.
Verfahren nach Anspruch 12, worin der Qe-Aktualisierungsschritt den
folgenden Schritt enthilt Einstellen des Q.-Wertes entsprechend elner
Renormierungsbeziehung, die das wiederholte Auftreten von
LPS-Renormierungsereignissen und daswiederholteAuftreten von
MPS-Renormierungsereignissen 20      reprasentiert. 14. Verfahren nach
Anspruch 13, worin der Q,-Einstellschritt die folgenden Schritte enthilt:
Indizieren eines Zahlers in einer ersten Richtung, wenn eine
LPS-Renormierung auf eine LPS-Renormie- rung folgt oder wenn eine
MPS-Renormlerung auf eine MPS-Renormierung folgt; und 25      Indizieren
des Zahlers in derentgegengesetzten Richtung in dem Fall, wenn elne LPS-
beziehungsweise MPS-Renonmierung auf elne MPS- beziehungsweise
LPS-Renormierung foigt. 15. Verfahren nach Anspruch 14, worn die
Indizierung In der anderen Richtung mit zweifacher Geschwin- digkeit wie
die Indizierung in der ersten Richtung erfolgt. 30 16. Verfahren nach
Anspruch 13, als weiteren Schritt umfassend: Darstellen der Q.-Tabelle als
Finite State Maschine, in welcher jeder von zumindestens einigen Q,-Q-sub
Tabelleneintragen eineVielzahl diesementsprechenderZustinde besitzt,
wobeijederZustand aus dieser Vieizahl esne entsprechende
Renormierungsbeziehungs-Geschichte anzeigt und entsprechend dieser 35
ausgewfhit wird. 17. Verfahren nach Anspruch 8, worin der
Spezifikationsachritt die folgencden Schritte umfalt: fOr jeden von
zumindestens einigen der Q,-Werte in der Tabelle, Identifizieren eines
elnzelnen nachfol- genden Q.-Wertes, welcher in Reaktlon auf eine
Renormlerung nach dem Auftreten eines ersten von zwei 40      magiichen
biniren Entscheidungsereignissen als Eingangssignal als aktueller QrWert
ausgewihIt wird. 18. Verfahren nach Anspruch 8, worin der
Spezifikationscchritt desweiteren die folgenden Schritte umfaat: firJeden
Q.-Wert in der Tabelle, Identifizieren eines ersten nachfolgenden
Q.-Wertes, welcher als aktu- eller Qe-Wert ausgewahit wird, wenn emn erstes
von zwei m5glichen biniren Entscheidungsereignibsen 45      als
Eingangssignal eintritt; und fOrjeden Q.-Wert in der Tabelle,
Identifizieren eines zweiten nachfolgenden Q.-Wertes, welcher als ak-
tuellerQa-Wertausgewahltwird, wenn das anderevon zwei m8glichen binaren
Entscheidungeereignissen als Eingangssignal eintritt. 19. Verfahren nach
Anspruch 5, wormn der aktuelle Augendwert A in seinem Wert verandert wird,
auf (a) QD, 50      wenn das weniger wahrscheinliche Ereignib als
Elngangssignal eintritt, und (b) auf Q., wenn das wahr- scheinlichere
Ereignis als Elngangssignal elntritt, wobel Q. den zuletzt aktuellen Wert
bezeichnet und worin der Aktualisierungsschritt des Q.-Wertes die foigenden
Schritte umfaat: in Reaktion auf emn weniger wahrscheinliches
Entscheidungsereignis, Auswahlen elnes gr8Beren Ein- gangs-Q.-Wertes aus
der Tabelle; und 55      in Reaktlon auf ein wahrechelnlicheres
Entscheidungsereignis, welches zu einem veranderten Wert von A fihrt, der
kieiner als AMIN Ist, Auswahlen eines niedrigeren Eingangs Q.-Wertes aus
der Tabelle. 35    
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wahrscheinlichere Zeichen MPS angepallt wird, die folgenden Schritte
umfassend: Reduzieren des Augendwertes des nachsten Schrittes A,,, in
Abhangigkeit von dem vorhergehenden AugendwertA ,o,hrdzu Am +-Awr1heehend O
(1 - Qj), wenn des Entscheidungsereignis-EingangssignaI (z.B. MPS) von der
geschatzten Wahrscheinlichkeit Q4 verschieden ist oder 5       Reduzieren
des Augendwertes des nichaten Schrittes An,, in Abhfingigkeit von dam
vorhergehenden AugendwertA,,rh.,g.hwdzuA,,u 4-Avorhrgehend * (1 - Qe), wenn
das Entscheidungsereignis-Eingangssignal (z.B. LPS) der geschiltzten
Wahrscheinich-keit Q, entspricht, Verglelchen des reduzierten Augendwertes
Amit einernvorgegebenen MinimalwertAMIN und Renormie- ron, vorzugswelse
Verdoppeln, des Augendwertes A auf einen Wert A, > AMIN, immer wenn A
kieiner fO      AMIN Ist; Aktuallsieren der geschfitzten Wahrscheinlichkeit
Qe aus einer Anzahl, zu jedem Zeitpunkt zu dam A re- normiert wurde
vorgewihiter Q0-Werte; Wiederholen der oben erwihnten Schritte. 15  2.
Verfahren nach Anspruch 1, speziell fOr die binire Hardware-Codierung,
worin AMIN 0,75 ist und der Augend Azwischen den Grenzwerten 0,75 und 1,5
gehalten wird, gekennzeichnet durch: Berechnen von Cn. +- Cwheh.nd + Q. und
Reduzieren des Augendwertes des nachsten Schrittes An.. in Abhfngigkeit von
dem vorhergehenden Augendwert Avorhwq9ghend ZU Amnu - Avorhwgeehend - QO,
wenn Q4 dam wahrscheinlicheren Zeichen MPS entspricht; oder 20
Reduzieren des Wertes des nichsten Schrittbs Aneu auf Q0, wenn Q. dem
weniger wahrschelnlichen Zei- chen LPS entspricht; und Renormieren des
Codepunktes C und des Augend A und Verandern des 4.-Wertes immerdann, wenn
A kIelner als 0,75 ist. 25  3. Verfahren nach Anspruch 1, speziell fur die
binAre Software-Codierung, worin AMIN 0,75 ist und der Augend A zwischen
den Grenzwerten 0,75 und 1,5 gehalten wird, gokennzeichnet durch:
Reduzieren desAugendwertesdes nAchsten SchrittesAnu in Abhingigkeitvon
dermfrOherenAugendwert Avorhergehund ZU Anu - AvOrhgehend - Q., wenn Q. dem
wahrscheinlicheren Zeichen MPS entspricht; odor Berechnen von C,, 4-
CVorhg*bh .d - (Awtghuid - 0.) und Reduzieren des Augendwert des nachsten
30      Schrittes Amu zu Q., wenn 0. dem weniger wahrscheinlichen Zeichen
LPS entspricht; und Renormieren des Codepunktes C und des Augend A und
Verindern des Q,-Wertes immer dann, wenn A kIolner als 0,75 ist. 4.
Verfahren nach einem der vorhergehenden Ansprfche, desweiteren den
folgenden Schritt umfassend: 35      Speichern olner Tabelle wahlbarer
Q.-Wertb In einem Spelcher; wobel der aktuelle Wert f~r Q. zu jedem
beliebigen Zeitpunkt sin Wert aus der Tabelle ist; und wobel der
Aktualislerungsschritt die Auswahl eines vorgegebenen Tabellenwertes
beinhaltet, welcher zurn aktuellen Q.-Wert wird. 5. Verfahren nach Anspruch
4, worin der Q,-Wert elnem weniger wahrscheinlichen binaren Entscheldungs-
40      ereignis entspricht und worin der Aktualisierungsschritt des
Q.-Wertes die folgenden Schritte umfait Auswahlen eines grUieren
Eingangs-Q.-Wertes aus der Tabelle, wenn als nAchstes Eingangssignal ein
wenigerwahrscheinliches Entscheidungsereignis eintritt und derveranderte
Wertvon A Ideinerals AMIN wird; und Auswahlen elnes kiolneren
Eingangs-Q,-Wertes aus der Tabelle, wenn als nichstes Eingangssignal Win
wahrscheinlicheres Entacheidungsereignis eintritt und der verinderte Wert
von Akleiner als AMIN wird. 6.  Verfahren nach Anspruch 5, worin der
Tabellen-Speicher-Schritt die folgenden Schrtte urnfaSt: Zuweisen von
Q.-Werten aus der Tabelle, urn sich (i) der aktuellen Wahrscheinlichkeit
des wenigerwahr- scheinlichen Ereignisses und (ii) dam geschatzten Q.-Wert
zu nihern. 50 7. Verfahren nach Anspruch 5 odor 6, worin der
Tabellen-Speicher-Schritt die folgenden Schritte umfalt Zuweisen von
Q.-Werten aus der Tabelle, bei denen jeder Wert nach der Renormierung um
mindestens elnen vorgegebenen Delta-eq-Wert grdiler ist ala AMIN. s5 8.
Verfahren nach Anspruch 7, ala weiteren Schritt umfassend: fir jeden
Eintrag derTabelle Spezifizieren, welche Q,-Werte als nachfolgende Werte
ausgewlhltwerden k5nnen. 34 
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gemAM einem der vorhergehenden AnsprOche, wobel der Schritt des
Vergleichens des redu- zierten Augendwertes Amit einem vorgegebenen
Minimalwert AMIN modifiziert wird, so daB ein Augend Arenormiertwird, wenn
(a) das wenigerwahrscheinliche binare Ereignis (LPS) als Eingangssignal
eintritt, was Aauf einen Wert unterhalb sines vorgegebenen MinimumsAMINI
vemingert, oderwenn (b) das wahr- 5       scheinlichere Ereignis (MPS) als
Eingangssignal eintritt, was A auf eanen Wert unterhalb sines vorgegs-
benen Minimalwertes AMIN2 verringert. 21. Arithmetische Codiervorrichtung
unter Verwendung sines der Verfahren gemAg den Anspruchen I bis 20,
dieWahrscheinlichkeitvon sinemrvon mindestens zwei biniren Ereignissen
anpassend, wobei sin ak- 10      tuelles Intervall auf einer
Wahrscheinlichkeits-Zahlengeraden unterteilt wird in (a) sin weniger
enthalten- des erstes Intervall, welches zum aktuellen Intervall wird, wenn
ein ersterTyp Entecheidungsoreignis als nichstes Eingangssignal eintritt
und in (b) sin weniger enthaltendes zweites Intervall, welches zum ak-
tuellen Intervall wird, wenn sin zwelter Typ Entacheidungsereignis als
nachstes Eingangssignal eintritt, wobei die LAnge des ersten Intervalls
einer ersten geschitzten Wahrscheinlichkeit des ersten Ereignis- 15
typs entspricht, der als nichsats Eingangsuignal eintritt und wobei die
LAnge des zweiten Intervalls einer Wahrscheinlichkeit entspricht, die dam
Eintreten des zweitsn Type Entscheidungsereignis als nachstes
Eingangssignal entspricht; und wobel der Wert des aktuellen Intervallees A
in einem Speicher gespeichert wird und renormiert wird, um den Wert zu
vergr6aern, wenn A kiliner ist als sin vorgegebener Minimalwert AMIN;
desweiteren umfas- 20      send: Tabellenmittel (Q.-Tabelle) zum Speichern
wahlbarer Werte Q. fOr die Wahrscheinlichkeit des ersten bi- niren
Entscheidungsersignisses; Zeigermittel (Q.-indextabelle) zum Identifizieren
sines aktuellen Wahrscheinlichkeitswertes in den Tabel- lenmittain
(Q.-Tabslle); und 25      Aktualiserungsmittel, welche Mittel zum
Verschieben der Zelgermittel (Q.-lndextabelle) auf ainen h6he- ran
Eingangswert-Eintrag in den Tabellenmitteln (Q,-Tabelle) In Reaktion auf
sine Renormierung nach einem der zwei m8glichen binaren Ereignisse und auf
einen niedrigeren Eingangwert-Eintrag In Reaktion auf sine Renormierung
nach dam anderen der zwei mrglichen binaren Ereignisse enthalten. 22.
Vorrichtung nach Anspruch 21, worin die Tabellenmittel umfassen: sine
Maschine mit finiten Zustanden, worin die entsprechenden vorhergehenden
Eintrage und die nachfolgenden Eintrage furjeden Tabellen- sintrag
spezifiziert sind. 23. Vorrichtung nach Anspruch 21, worin binare
Entscheidungen in unterachiedlichen Zusamrnmenhangen zu- sammen verarbeitat
warden, wobei die Vorrichtung desweiteren umfalt sine Vliezahl von Zelgern,
einschliefflich derersben Zeigermittel, von denen JederZeigerf~irjeden
Zusam- menhang sinen entsprechenden Wert in den Tabellenmittein
identiflziert; und Mittel zum Erkennen des Zusammenhanges, in welchem sine
bingre Entscheidung getroffen wird; worin die Zeigerverschiebemittel Mittel
zur Repositionierung des Zeigers entsprechend dem erkannten Zusammenhang
enthalten. 24. Vorrichtung nach Anspruch 22, desweiteren umfassend: Mittbl
zum Verandern derVerschiebegeschwindigkeitdes Zeigers gemaieinem MaP der
Renormisrungs- beziehung. 45  2S Vorrichtung nach Anspruch 22, worin die
Tabsilenmittel umfassen: sine erste gespeicherte Tabelle, die sine Lbst
Eintrlge von Wahrscheinlichkeitswerten enth3lt und f Br jeden Eintrag eanen
entsprechenden Index, welcher eanen nachfolgenden h8heren
Wahrscheinlichkeits- wert und dessen entsprechenden Index identifiziert;
und sine zweite gespeicherte Tabelle, die sine Liste Eintrige von
Wahrscheinlichkeitswerten enthilt und fOr 50      jeden Eintrag oanen
entsprechenden Index, watcher ainen nachfolgenden niedereren
Wahrscheinlich- keitswert und dessen entsprechenden Index identifiziert;
wobei die Vorrichtung desweiteren umfagt: Mittel zum Aktualisieren des
Wahrscheinlichkeitswertes auf den identifizierten hoheren Werteeintrag in-
nerhalb der ersten Tabelle in Reaktion auf sine Renormierung, die einem
ersten Typ Entscheidungser- 5S      eignis folgt und zum Aktualisieren des
Wahrscheinlichkeitswertes auf den Identifizierten niedoreren War- 



tesintrag innerhalb der zwelten Tabelle in Reaktion auf sine Renormberung,
die einem zweiten Typ Ent- scheidungsereignis folgt. 36    EP 0 260 460
B13|1111111! 11111l 11111 I11 11 * C   L  M   S Revendicatlons 1. Procedd
de codage arithmetique, dans loquel des portions C du code sont calcul6es
etape apres etape sous forme de points de code Cw -- Cp,& + Apr. * Q. sur
une ligne de nombres, oO COw sat Is point 5       de code de la nouvelle
etape, Ctpt esat Is point de code de l'etape prscedento et Ap,6, la valeur
lors de l'etape precedento du cumulande A, un intorvalle sur la ligne de
nombres qui est rsduit a chaque 6tape de codage, et oO Q est la probabilit6
estimeo qui est adaptse en reponse A au moins deux entr6es d'6ve- nements
de decision (symbole molns probable, LPS, ou symbole plus probable, MPS),
comprenant les 6tapes consistant a: 10      ridulre lavaleurdecumulandeAo
de l'etapo suivantb en fonction de lavaleurde cumulande pr6chdento Apft
sous Anw < Ape6-    * (1- Q), si l'ontree d'svenement de dscision (MPS, par
ex.) ost diff6rento de la probabilite estimes Q,; ou reduire la valeurde
cumulande A&n.j de l'etape sulvantb on fonction de la valeurde cumulande
precedentb Apr& sous A,,v t-Apre * Qe, si l'entr6e d'ev6nement do decision
(LPS, par ex.) est egale A la probabilite 16      estimee Q; comparer les
valeurs de cumulande A r6duitbs A une valeur minimum predetermin6o AMIN, et
renorma- liser, de priforence en la doublant, la valeur de cumulande A sur
unq valeur Amu, > AMIN A chaque fois quo Aest infirieur A AMIN; mettre A
jour la valeur de probabilite estimee Q4 A partir d'uno pluralite de
valeurs Q. preselectionness 20      A chaque fois que Aest renormalise;
reptebr les etapes ci-dessus. 2. Procede selon la revendication 1, destine
spoilalement au codage binaire en matirlel ob AMIN est 6gal a 0,75 et le
cumulande A est maintbnu entre les lImites 0,75 et 1,5, caracterise en co
qu'il comprend les 26      etapes consistant A: calculer Cnot, < Cpdc + Q
et reduire la valour de cumulande A,., do l'etapo suivanto en fonction do
la valeur de cumulande pr6cedent Apa6 sous An4  4-Ap, -0Q, si Q est le
symbole le plus probable, MPS; ou reduire la valour de cumulande Anou de
l'Stape suivante en Q., si Q, est le symbole le moins probable, 30
LPS; et renormaliser le pont de code C et le cumulande A, et modifier la
valeur de Q0 A chaque fols quo A est inferieur A 0,75. 3.  Procede selon la
revendication 1, destine sp6cialement au codage binaire on logiciel, ob
AMIN est 6gal 35      A 0,75 et le cumulande A est malntonu entre les
limitbs 0,75 et 1,5, caracterise en ce qu'il comprend lea 6tapes consistant
A: reduire la valeurdecumulandeoA,,, de l'etape suivant en fonction de
lavaleurde cumulande precedentb Ap,6, sous Amow + Ap+ & - Q0), si , ast le
symbole le plus probable, MPS; ou calculer C,,, <-- Cpre0 - (Apo, - Q) et
reduire la valeur de cumulando A,,. de l'stape suivante A Q,, si Q, 40
est le symbols le moins probable, LPS; et renormaliser le point de code C
et le cumulande A, et changer la valeur de 0. A chaque fois que A est
inferieur A 0,75. 4. Procede selon l'une quelconque des revendications
precedentes, comprenant l'tape supplementaire consistant A: memoriser une
table de valeurs Q. s6lectionnables dans une memoire; ob la valeur courantb
de Q, A tout instant donn6e oet une valeur extraito de la table: et ob
ladite etape de mise A jour consistb A s6lectionner une valeur de table
prescritb qui devient la valeur 0. couranto. 50  S. Procede selon la
revendication 4, dans lequel la valeur 0, correspond A un evenement de
decision binaire moins probable et oO l'tape de mias A jour de la valeur Q.
comprend les etapes consistant A: 



en reponse a un svenement de d6cision moins probable representant l'entree
suivantb et au fait quo la valeur modifi6e de A est inferieure A AMIN,
choisir une valeur Q. de valeur supsrieure dans la table; et en reponse A
un ev6nement de decision plus probable representant l'entree suivante et au
faut quo la 56      valeur modifise de A sat inferieure A AMIN, cholsir une
valeur Q, de valeur inferieure dans la table. 6.  Procede selon la
revendication 5, dans lequel lad its 6tape de mhmorisation de table
comprend les 6tapes 37    *C   L  M   S* consistant a: affecterdes valeurs
Q, en sorte quo la table fasse so converger (i) la probabilite effective de
l'evenement le moins probable et (Ii) la valeur Q. estimee. 5   7.  Procede
solon la revendication 5 ou 6, dans lequel laditb etape de memorisation de
table comprend les etapes consistent A: affecter de valeurs Q. pour la
table dans lesquelles chaque valeur apres renormalisation A une valeur
superieure A AMIN eat superieure A AMIN d'au moins une valeur prescrit,
delta. 10  S. Procede solon la revendication 7 comprenant l'tape
supplementaire consistent a: pour chaque entree de la table, specifler
quelles valeurs Q, peuvent etre choisies comme valeurs sui- vantes. 9.
Procede solon l'une des revendications 1 A 3, comprenant lIetape
supplimentaire consistent A: 15      definir une pluralite de contextes
ayant chacun une valeur Q. courante correspondantb dans la table me-
monsee; oO ladite etape de miss a jour comprend l'etape consistent A:
pourchaque evenement de decision resultant dans une renormalisation dans un
contexte correspondant, mettre A jour la valeur Q, pour le contextb
correspondant. 20  10. Procede solon la revendication 9, dans lequel
lavaleurdeAa un instant donne eat commune A lensemble des contextbs au dit
instant donne. 11. Proced6 solon a revendication 9, dans loquel A chaque
contexte eat assignie une valeur A respective. 25  12. Proced6 solon la
revendication 8, dans lequel ladite etape de specification comprend les
etapes consis- tant A: pour chacune parmi au moins quelques valeurs Q, de
la table, Identifier une pluralite de valeurs Q, suc- cessives
selectlonnables, I'une d'entre elles devenant la valeur Q, courante en
reponse a la selection d'un evenement de decislon binaire parmi deux
possibles en entree. 30 13. Procede solon la revendication 12, dans lequel
letape de mise A jour de Q, comprend l'etape consistant A: ajuster la
valeur Q, en correspondance avec une correlation de renormalisations qui
representb loc- currence rep6titive d ev6nements de renormalisation LPS et
loccurrencoe repetitive d evenements de re- 35      normalisation MPS. 14.
Procede solon la revendicatlon 13, dans lequel lItape d'ajustement de Q,
comprend les etapes consistent ^        ~~a: Indexerun comptsurdans une
premiere direction si une renormalisation LPS suit une renormalisation LPS
40      ou Si une renormalisation MPS suit une renormalisation MPS; et
indexer le compteur dans la direction opposee si une renormalisation LPS ou
MPS suit respectivement une renormalisation MPS ou LPS. 15. Procede solon
la revendicatlon 14, dans lequel l'indexation dans ladite deuxieme
direction s'effectue A 45      deux fois la cadence de l indexation dans
ladite premiere direction. 16. Procede solon la revendication 13,
comprenant 1I6tape supplementaire consistant a: representer la table Q,
sous la forme d'un automate fini dans lequel chacune d'au moins une partie
des entrees de la sous-table Q, Q est caract6risee par une pluralite d
etats lul correspondant chaque etat de la pluralite Indiquant un historique
de correlatlons de renormalisatlons et etant selectionne sur la base de SD
co dernier. 17. Procede solon la revendication 8, dans lequel ladito etape
de specification comprend les etapes consis- tent A: 



pour chacune d'au moins une partie des valeurs Q, de la table, Identifier
une seule valeur Q. suivante 55      qui eat selectionnee comme la valeur
Q. courante en reponse A une renormalisation A l[issue de l'entreo d'un
premier parmi les deux evenements de decision binalres possibles. 18.
Procede solon la revendication 8, dans loquel laditb etape de specificatlon
comprend los etapes consis- 38    * C   ;  M   S* tant A: pourchaque valour
Q. de la table, identifier une premiere valour 4 suivante qui oat
a6lectionn6e comme valour Q, courante as un premier des deux 6venements
binaires possibles eat appllqu6 en entr6e; et pourchaque valeurQ4 de la
table, identifierune deuxieme valeur Q suivante qui eat s6lectionnee comme
c       valour Qe courantb a l'autre 6venement binaire possible eat
applique en entr6e. 19. Proced6 solon la revendication 5, dans loquel la
valour de cumulande courante, A, eat modifiee en une valeur egale A (a) Q.
al I'6venement Is moins probable eat applique en entr6e et (b) Q, ai
l'6vnement Is plus probable eat appliqu6 on entree, ob Q. representb la
derniere valour courante de celle-cl, et 10      dane lequel l'6tape de
miss A jour de la valour Q. comprend lea etapes consistant t: en r6ponse A
une entr6e d'ev6nement de d6cision moins probable, cholsir une valeur Q. de
valoursup6- rieure dane la table; et on reponse A une entree d'evenement de
decision plus probable qui r6sultb dans une valour modIflee de A inf6rleure
A AMIN, cholsir une valeur Q. de valour Infhrieure dans la table. 15 20.
Proc6d6 solon l'une quelconque des revendications pr6cedentes, dans lequel
l'etape consistant A compa- rer les valeurs de cumulande reduibts A une
valeur minimum prescrito AMIN eat modifiee de fagon A co qu'un cumulande A
soit renormalise dans le cas (a) de l'application en entree d'un ev6nement
binaire moins probable (LPS) qui r6duitAsous un minimum prescrit, AMINI, ou
(b) de l'application en entr6o d'un >   ~20      6vbnement binaire plus
probable (MPS) qui r6duit Asous une valour minimum prescrite, AMIN2. 21.
Appareil de codage arithmetique permettant d'adapter la probabilite d'un
6venements binaire parmi au moins deux possibles en appliquant les proc6d6s
des revendications I A 20, dans lequel un intervalle cou- rant le long
d'une ligne de nombres de probabilit6 eat dIvls6 on (a) un premier
intervalle a inclusion r6duite 25      qui deviant l'intervalle courant a!
un premiertyped'6v6nementde d6cision eat appilqu6 A lentr6e suivante, et
(b) un deuxibme intbrvalle A inclusion reduite qui deviant l'intbrvalle
courant sl un deuxieme type d'6v6- nement de d6cision eat appliquo A
I'entree suivanto, la longueur du premier intervalle correspondant A une
premiere probabilite estimee du premier type d'ev6nement appliqu6 a
l'entree suivante et la longueur du deuxieme intervalle correspondant A une
probabilite associee avec le deuxieme type d'6v6nement de F    30  d6clsion
applique a l'entree suivante; et dans lequel la valeur de l'lntbrvalle
courant A eat enregistr6e dana une memolre at eat renormalis6e pour
accrottre ladite valeur si A eat inferlur a une valour minlum prescritb,
AMIN; et comprenant, de plus: une table (table 4) pour memoriser des
valeurs Q, sblectionnables pourla probabilite du dit premierev6- nement de
decision binaire; 35      un pointeur (table d'index Q) pour identifier une
valeur de probabilite oourante dans ladite table (table Q.); un 6l6ment de
miso A jourcomprenant un dispositif pour d6placer ledit pointaur (table
d'index O.) sur une K>           entr6e de valeur superieure dans laditb
table (table 4) en r6ponse A une renormalisation a l'issue d'un evenement
binaire parmi les deux possibles, et sur une entr6e de valeur inf6rieure on
r6ponse A une re- 4fi0    normalisation A l'issue de l'autre ev6nement
binaire parmi le deux possibles. 22. Appareil salon la revendication 21,
dans lequel laditb table comprend un automate fini dans loquel sont
sp6cifi6es lea entroes prec6dentes at les entr6es sulvantbs respectives
pour chaque entr6e de table. 23. Apparell salon la revendication 21 dans
lequel des d6cisions binaires de contextes differents sont traitees 45
ensemble, I'appareil comprenant de plus: une pluralite de pointaurs
comprenant ledit premier pointeur, chaque pointbur Identifiant une valour
res- pective de ladite table pour chaque contextb; et un dispositif pour
reconnoitre le contexts dans loquel l'ev6nement de d6cision binaire so
produit; dans lequel ledit dispositif de d6placement de pointbur comprend
un el6ment pour repositionner le poin- 



50      teur correspondant au contexte reconnu. 24. Appareil solon la
revendication 22, oomprenant de plus: un dispositif pour faire varier la
cadence de dbplacement du pointbur salon une mesure de la corrmlation des
renormalisations. 55 25. Appareil solon la revendication 22, dans loquel
ladite table comprend: une premlere table m6morlsee comprenant une lists
d'ontrees de valeurs de probabilite et, pour chaque entr6e de cello-cl, un
index correspondant qul identifie une valeur de probabilitb sup6rieure
suivant et 39    EP 0 260 460 Bi                  | ||||||| 111111 ||    A|
il | C   L   MIS   * son index correspondant; et une deuxibme table
m6morls6e comprenant une liste d'entrees de valeurs de probabilite et, pour
chaque entr6e de celle-ci, un index correspondant qui identifie une valeur
de probabilite inferleure suivante et son index correspondant; et s
l'appareil comprenant, de plus: un dispositif pour mettre a jour Ia valour
de probabilit6 sur l'entree de valeur sup6rieure identifi6e dans ladite
premiere table en reponse A une renormalisation suivant un premier type
d'6v6nement de d6clsion et pour mettre A jour la valour de probabilite sur
l'entr6e de valeur inferieure identif i6e dans ladite deuxil- me table en
r6ponse A une renormalisation suivant Is douxieme type d'evenement de
decision. 10 15 20 26 30 35 40 45 50 55 40    


