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Description
Technical Field

[0001] The presentdisclosure relates to methods of encoding data (D1) to generate corresponding encoded data (E2).
Moreover, the present disclosure also relates to methods of decoding aforesaid encoded data (E2) to generate corre-
sponding decoded data (D3) and/or a transcoded version of the decoded data (D3). Furthermore, the present disclosure
also relates to encoders and decoders which are operable to implement aforesaid methods; such encoders and decoders
in combination constitute codecs. Additionally, the present disclosure relates to computer program products comprising
a non-transitory computer-readable storage medium having computer-readable instructions stored thereon, the compu-
ter-readable instructions being executable by computing hardware for executing aforementioned methods.

Background

[0002] In overview, as illustrated in FIG. 1, known encoding methods of encoding input data (D1) 10 in an encoder 20
to generate corresponding encoded output data (E2) 30 involve applying one or more transformations 40a, 40b to the
input data (D1) 10 to generate corresponding encoded transformed data 50, wherein the encoded transformed data 50
has associated therewith coding table data 60 defining one or more coding tables defining the one or more transformations
employed. The encoded transformed data 50 and the coding table data 60, namely in combination the encoded output
data (E2) 30, are often communicated via a data carrier and/or a data communication network to one or more decoders
80 which are operable to decode the encoded output data (E2) 30 to generate corresponding decoded data (D3) 90.
Optionally, the decoded data (D3) is a regenerated version of the data (D1), but not limited thereto, for example when
transcoding occurs inthe one ormore decoders 80. It is often desirable thatthe encoded output data (E2) 30 is compressed
relative to the input data (D1) 10. Moreover, it is also desirable that the encoded output data (E2) 30 is compressed in
a substantially lossless manner, so that the decoded data (D3) 90 is as accurate as feasible when compared with the
input data (D1) 10. Data compression achievable in the encoded output data (E2) 30 relative to the input data (D1) 10
is potentially inefficient when the coding table data 60 is significant in size relative to the encoded transformed data 50,
namely the coding table data 60 corresponds to a significant data overhead. In certain known implementations of the
encoder 20, the coding table data 60 includes information indicative of frequencies, probabilities or ranges of the coded
"symbols"” present in the encoded transformed data 50 that were as original symbols in the input data (D1) 10. The
coding table data 60 is not limited thereto. Optionally, the coding table data 60 also contains information related to the
used transformations and their parameters.

[0003] Some known implementations use context information to modify the probabilities included in the coding table
data 60. Use of context information is a very efficient way of modifying the probabilities, but it is only efficient for a certain
type of data, for example when coding values of pixels in an image, or values after an image transformation has been
implemented.

[0004] A basic implementation of a range codec is described, for example, at the Wikipedia Range coding site [Range
encoding - Wikipedia, the free encyclopedia (accessed December 13, 2013), URL: http:/en.wikipe-
dia.org/wiki/Range_encoding]. This basicimplementation uses at least one <EOM> (end-of-message) symbol. Arithmetic
coding, URL: hitp://en.wikipedia.org/wiki/Arithmetic_coding is very similar to the Range coding, but it uses one floating
point number [0, 1] and an <EOD> (end-of-data) symbol. Moreover, range coding is used widely in applications that
require data compression such as video coding and image coding. It is very good at coding large data sets when the
probabilities of different possible symbols are known. However, if the nature of the data to be coded is such that the
probabilities of the symbols are not known beforehand at the one or more decoders 80, it is necessary to send the
probabilities of the symbols together with the encoded data (E2) 30. Otherwise, the compression efficiency of the range
coding suffers greatly.

[0005] Thedeliveryofthe frequency, probability orrange values requiresinclusion of additionaldata, namely "consumes
data”, thus affecting the overall compression efficiency achievable in the encoder 20. Moreover, when more accurate
symbol frequencies, probabilities or range values are sent, an improved range coding compression efficiency is achiev-
able. However, sending very accurate frequencies, probabilities or range values requires more data size. In other words,
there is a trade-off between sending accurate frequencies, probabilities or range values for the symbols and achieving
a best possible compression efficiency in the encoded data (E2).

[0006] In contemporary situations, the amount of data transferred and stored in the world is increasing rapidly. As
transmission bandwidth and data storage are limiting parameters, a need for efficient data compression methods is of
great advantage. Thus, there arises a need for improved methods of compressing data which provide enhanced com-
pression efficiencies obtainable from using range coding, for example in cases where a size ofthe data to be compressed
is not very large. Hence, there arises a need for a method that allows range coding to be used in cases where the use
of range coding and similar was not previously feasible and/or beneficial.
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[0007] In an earlier published European patent document EP 0166607 A2 (King, Reginald Alfred), there is described
a method wherein the compression oftransmission of samples of (audio) data, in particular time encoded symbols (TES),
is potentially improved by presenting bits in a non-linear fashion (variable length codes) instead of a linear representation
(fixed-length codes). The method uses precursor codes, which are used for delivering a probability order of occurrences
of elements from an encoder to a decoder. That is, the method does not actually transmit probabilities but only their
order, for as long as elements arrive.

[0008] Inanearlier patentdocument US 6650996 B1 (Garmin Ltd.), there are described systems, devices and methods
which employ a data structure, wherein there are utilized a first data field defining a decoding structure for decoding
canonical Huffman encoded data, and a second data field defining a symbol table. Moreover, the symbol table is adapted
to provide a symbol associated with a low-frequency index.

[0009] Inanearlier patentdocument US 2005/012648 A1 (MARPE DETLEV [DE]ET AL), there is described an entropy
encoding/decoding scheme which uses an arithmetic encoder/decoder together with a context modeler for performing
a context-based adaptive binary arithmetic coding, which is especially suited for video compression applications. The
context modeler includes an initializer for initializing the context modeler by determining and providing initialization
probability information to the arithmetic encoder, the initialization probability information to be used by the arithmetic
encoder for processing a start symbol of a symbol sequence. The initializer is operative to determine the initialization
probability information based on an estimation ofthe symbol statistics relating to the start symbol such that an initialization
probability distribution is different from an equi-probable distribution for all symbols of the symbol set. By means of the
initialization, the context-based adaptive binary arithmetic coding/decoding scheme is optimally adjusted before process-
ing a start symbol of the symbol sequence so that no bit rate compression losses because of a delayed context-based
adaptation are introduced.

[0010] In an earlier patentdocument EP2387243 A2 (LG Electronics Inc), there is described a video signal processing
method which comprises the steps of: receiving a multi-view coded bitstream including a color picture and a depth
picture, the depth picture representing a set of numeric information on a distance between an object and a camera
serving as a reference; acquiring data type identification information as well as depth range information from the multi-
view video coded bitstream, the data type identification information indicating whether the multi-view video coded bit-
stream contains depth coded data, the depth range information representing information of maximum and minimum
values in variances between two pictures at different visual points; according to the data type identification information,
if the multi-view video coded bitstream contains the depth coded data, recovering the depth coded data; adjusting the
depth range information by comparing the depth range information with a predetermined threshold range for changes
of depth; and displaying 3D video by using the recovered depth coded data and the adjusted depth range information.

Summary

[0011] The present disclosure seeks to provide an improved method of encoding data (D 1) to generate corresponding
encoded data (E2), wherein the method results in improved data compression in the encoded data (E2), for example in
a context of range coding.

[0012] The presentdisclosure also seeks to provide an improved encoder employing the aforesaid improved method.
[0013] According to a first aspect, there is provided an encoder for encoding data (D1) employing range encoding to
generate corresponding encoded data (E2), wherein the encoded data (E2) includes information of frequencies, prob-
abilities or range values of different symbols to be represented in the encoded data (E2), characterized in thatthe encoder
(20) is operable to include in the encoded data (E2, 30) additional information indicative of whether or not a range value,
a probability value or a frequency value for the different symbols needs to be included in the encoded data (E2,30), the
additional information ef being indicative of the symbols to which the frequencies, probabilities or range values pertain.
[0014] The present invention is of advantage in that selective inclusion of the information of frequencies, probabilities
or range values for the symbols within the encoded data (E2) as a function of occurrence of the symbols in the data (D1)
to be encoded, is capable of improving coding efficiency, for example a compression ratio which is achievable, for
example in a manner which is highly beneficial when encoding smaller amounts of data (D1).

[0015] In the foregoing, the term "whether or not information of..." is described in greater detail later.

[0016] The encoder, according to the first aspect, is of advantage in that the encoder employs an improved method
which is capable of enabling a more efficient delivery of range coding frequencies, probabilities or range values to be
achieved in association with the encoded data (E2) generated using the improved method.

[0017] Moreover, the aforementioned improved method enables range coding to be utilized in cases where the amount
of symbols to be coded is not very large compared to the amount of possible symbols. With known range coding
techniques, it is not feasible and/or practical to encode such data due to the amount of bits required to deliver the
frequencies, probabilities, or range values; namely, there arises an impractical data overhead associated with delivering
frequencies, probabilities or range values from an encoder to a corresponding decoder using known range coding
techniques.
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[0018] Furthermore, the improved method pursuant to the first aspect can be used with or without one or more <EOM>
symbols; "EOM" is used to indicate "end-of-message". All the example embodiments described later are shown without
one or more <EOM> symbols, but the one or more <EOM> symbols can be optionally added to all example embodiments
by utilizing, for example, a probability value 1 for it, and then subtracting 1 from any other probability value. Such a
solution does not require delivery of a new probability value, because the probability value is already known. The
probability of an <EOM> symbol can also optionally be calculated based on the amount of data symbols. When the
probability is calculated, the <EOM> symbol is added to the probability table and it will be given a frequency value 1.
The sum of frequencies is also increased by 1 and this influences all symbol probabilities. This also requires that an
additional probability value is delivered for the <EOM> symbol.

[0019] The improved method according to the first aspect can be used for encoding any type of data, therefore having
awide field of potential use; such "any type of data"to be encoded optionally includes one or more of: genetic sequencing
data, DNA sequencing data, RNA sequencing data, captured audio signals, captured video signals, captured images,
text data, seismographic data, sensor signals, analog-to-digital (ADC) converted data, biomedical signal data, calendar
data, economic data, mathematical data, but not limited thereto. In the improved method, another way to modify the
probabilities is to use adaptive probabilities and ranges while coding the data (D1) to generate the corresponding encoded
data (E2). Adaptive probabilities work well for encoding larger data streams, especially if the probabilities of the symbols
change in a varying manner, but slowly, at different parts in the data stream. However, adaptive probabilities are less
suitable for smaller data streams, because additional computing resources and time are required to adapt the probabilities
to match the correct probabilities of the symbols in the data stream.

[0020] The improved method pursuant to the first aspect is usable in an encoder and a corresponding inverse of the
improved method is usable in a corresponding decoder; the encoder and decoder in combination constitute a codec as
aforementioned. Optionally, transcoding is performed in the decoder to reformat decoded data thereat, for example to
provide compatible data to a data rendering apparatus of the decoder or a data storage apparatus of the decoder. The
improved method uses 0-bit and 1-bit information to describe whether or not a range value, a probability value or a
frequency value needs to be delivered for the different symbols that might be present among the data stream symbol.
This improved method optionally also utilizes one or more probability threshold values to determine which symbols need
their own delivered probability value, namely 1-bit, and which symbols can be escaped, for example by using a 0-bit.
Optionally, all escaped data symbols can use a probability value 1 in the encoder and in the decoder. Alternatively, all
those data symbols that do not have their own frequency or probability value, namely range, are optionally delivered
with an escape symbol, namely range, in a range coding scheme. Additionally, all the symbol values for those escaped
symbols are optionally delivered, for example as original values without compression.

[0021] A concept (i) to (iii), as follows, will next be elucidated in greater detail:

(i) "a coded symbol is known", or

(iiy inthe encoder, "whether or not information of frequencies, probabilities or range values for the symbols is included
in the encoded data”, or

(iiiy in the decoder, "which symbols encoded in the encoded data are to be subjected to decoding using the information
of frequencies, probabilities or range values for the symbols”

[0022] In embodiments of the present disclosure, it is not essential that the symbols themselves should always be
known, but it is essential to know for which symbols the probabilities pertain. Thus, in embodiments of the disclosure, it
is made known for which symbols, for example for a queue of data, the probability pertains, but it is not necessarily
known based on a context of what the actual symbol is in practice. There must therefore be probability information
delivered, for example to the decoder, and available for at least one symbol. However, it is not essential to know what
the actual symbol is in practice. There is optionally also a possibility that the value of the symbol is actually known, and
in such a case that information is of course utilized.

[0023] Afurtherexamplewillnext be described. When a frequency, probability orrange table is delivered, then important
parameters in the delivery are a maximum index of the table and information on which the symbols are that are coded
with the delivered probabilities. The maximum index of the table represents how many different symbols, or how many
possible different symbols, are available inthe delivered table, namely presentin the input data D1. Example is as follows:
4,3,0,1,0,4,3,4

[0024] The real maximum index is 4 (and the minimum index is 0), which means that there might be 5 (max - min + 1
=4-0+ 1) different symbols (0, 1, 2, 3, 4) present in the data. On account of there actually being only 4 different symbols
(0, 1, 3, 4) present in the data D1, the table can be delivered also by using 3 as the maximum index, namely available
different symbols, instead of 4 possible different symbols. When the value '3' has been used for the maximum index
value of the table, then some other mechanism is optionally employed to deliver the information about which symbols
are used for each table indices.

[0025] These methods are elucidated in greater detail elsewhere in the present disclosure. When the symbols are in
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order, then one possibility is to deliver the real maximum index (4) and availability bits (for example, 11011 in this case).
This kind of delivery maps so that the table index 0 = symbol 0 that is called "index" and the symbol pair will then be (0,
0). Similarly, the rest of the index and symbol pairs are (1, 1), (2, 3) and (3, 4). It is also possible to use index and symbol
pairs directly for defining the used indices for different table indices, and then to deliver the maximum index of the table
as 3 or the count of different index and symbol pairs as 4. By employing such a method, code table indices typically are
in order, and only symbols need to be delivered. Such a method is very advantageous to employ when the symbols in
the delivered table are sorted based upon their frequencies.

[0026] For example, in this case index and symbol pairs could be (0, 4), (1, 0), (2, 3), and (3, 1) and only values 4, 0,
3, 1 are delivered in order. In some situations:

(a) those used index and symbol pairs are pre-defined;

(b) sometimes the index of the used symbol and index pair table are delivered, at other times the index and symbol
pairs are delivered together with the encoded data;

(c) at yet another times, the decoder can retrieve the used index and symbol pairs from the known location, and
(d) in a yet different situation, the decoder can retrieve the used index and symbol pairs from the location that was
delivered together with the encoded data.

[0027] The frequencies ofthe parts of the data to be encoded in an encoder employing the aforementioned improved
method pursuant to the first aspect are often mutually different, and often their relative data entropy is also mutually
different, and for that reason it is beneficial to split, namely to subdivide, the data (D1) into multiple parts when encoding
to generate the encoded data (E2). Beneficially, different code tables are used for the different parts. The improved
method enables, for example, one big data chunk to be split more efficiently to smaller pieces, namely smaller data
chunks, because the delivery of the code table or frequency table is thereby optimized. This split of the data to be
encoded enables considerable benefits in respect of the entropy of the data (D1) to be encoded, when split, and so is
capable of providing an enhanced degree of compression of the encoded data (E2) relative to corresponding unencoded
data (D1).

[0028] Optionally, pursuant to the aforesaid first aspect, the encoder is operable to include in the encoded data (E2)
the additional information indicative of whether or not the range value, the probability value or the frequency value for
the different symbols needs to be included in the encoded data (E2,30) expressed as single availability bit information.
More optionally, the encoder is operable to represent inclusion of the information of frequencies, probabilities or range
values for the symbols in the encoded data (E2) by use of a single availability bit value "7", and non-inclusion of the
information of frequencies, probabilities or range values for the symbols in the encoded data (E2) by use of a single
availability bit value "0". Such availability bit values can also be used vice versa. Moreover, such availability information
can also be delivered as a number of available indexes and then indexes of information that are present. These indexes
are optionally delivered as they are, or via use of delta coding. Optionally, different coding methods are used for reducing
an amount of data needed for delivering availability information. The selected coding method optionally contains the
number of available indexes, or the coding method requires that the number of indexes be delivered, or the method
requires that the availability bit values are delivered for all the symbols, when the coding table is delivered.

[0029] Optionally, inthe encoder, the information of frequencies, probabilities or range values of the different symbols
to be represented in the encoded data (E2) is dynamically varied by the encoder as a function of a nature, namely one
or more characteristics, ofthe data (D1) to be encoded. Such characteristics optionally relate to one or more of; structure
of the data (D1), size of the data (D1), range of values present in the data (D1), size of elements present in the data
(D1), metadata associated with the data (D1). Moreover, such characteristics include at least one of: a type of the data
(D1), content of the data (D1) and/or statistics of the data (D1). More optionally, the encoder is operable to subdivide
the data (D1, 10) to be encoded into a plurality of parts, and to generate individually for each part corresponding additional
information indicative of whether or not the range value, the probability value or the frequency value for the different
symbols needs to be included in the encoded data (E2,30).

[0030] Optionally, the encoder is operable to analyze the data (D1) to determine minimum (min) and maximum (max)
values occurring therein, and information describing the minimum and maximum values is included by the encoder into
the encoded data (E2), wherein the minimum (min) and maximum (max) values limit a range of possibly available symbol
values when employing range coding. More optionally, the encoder is operable to express a first symbol and/or a last
symbol present in the data (D1) in the encoded data (E2) without use of an availability signal.

[0031] Optionally, the encoder is operable to modify an entropy of the data (D1) to be encoded, prior to applying range
encoding thereto to generate the encoded data (E2).

[0032] Optionally, the encoder is operable to encode the data corresponding to at least one of; genetic sequencing
data, DNA sequencing information, RNA sequencing information, captured audio signals, captured video signals, cap-
tured images, text data, seismographic data, sensor signals, analog-to-digital (ADC) converted data, biomedical signal
data, calendar data, economic data, mathematical data, but not limited thereto.
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[0033] According to a second aspect, there is provided a method of encoding data (D1) in an encoder to generate
corresponding encoded data (E2), wherein the encoded data (E2) includes information of frequencies, probabilities or
range values of symbols to be represented in the encoded data (E2), characterized in that the method includes:

using the encoder to include in the encoded data (E2) additional information indicative of whether or not information of
frequencies, probabilities or range values for the symbols is included in the encoded data (E2).

[0034] Optionally, the method further includes:

usingthe encoderto include in the encoded data (E2) the additional information indicative ofwhetheror not the information
of frequencies, probabilities or range values for the symbols is included in the encoded data (E2) expressed as single
availability bit information.

[0035] More optionally, the method further includes:

using the encoder to represent inclusion of the information of frequencies, probabilities or range values for the symbols
in the encoded data (E2) by use of a single availability bit value " 7", and non-inclusion of the information of frequencies,
probabilities or range values for the symbols in the encoded data (E2) by use of a single availability bit value "0".
Optionally, the values "0" and "7" can be used vice versa for indicating such inclusion or non-inclusion.

[0036] Optionally, the method includes using the encoder to vary dynamically the information of frequencies, proba-
bilities or range values of the symbols to be represented in the encoded data (E2) as a function of a nature, namely one
or more characteristics, ofthe data (D1) to be encoded. Reference is herewith made to the foregoing regarding a definition
for "nature” and "characteristics" as technical terms.

[0037] Optionally, the method includes using the encoder to subdivide the data (D1) to be encoded into a plurality of
parts, and to generate individually for each part corresponding additional information indicative of whether or not infor-
mation of frequencies, probabilities or range values for the symbols is included in the encoded data (E2).

[0038] Optionally, the method includes encoding the data (D1) corresponding to at least one of: genetic sequencing
data, captured audio signals, captured video signals, captured images, text data, seismographic data, sensor signals,
analog-to-digital (ADC) converted data, biomedical signal data, calendar data, economic data, mathematical data, but
not limited thereto. Genetic sequencing data is often considerable, as generated by electrophoresis apparatus from
biological samples, and often approaches in an order of 1 TeraBytes of data defining nucleic bases and/or amino acids.
Handling such data, as well as communicating such data, represents a considerable contemporary technical challenge.
[0039] According to a third aspect, there is provided a decoder for decoding encoded data (E2), generated by an
encoder employing range coding, for generating decoded data (D3, 90), wherein the decoder (80) is operable to extract
fromthe encodeddata (E2, 30) information of frequencies, probabilities orrange values of different symbols, characterized
in that:

the decoder (80) is operable to extract from the encoded data (E2, 30) additional information indicative of whether or
not a range value, a probability value or a frequency value for the different symbols is included in the encoded data (E2,
30), the additional information being indicative of the symbols to which the frequencies, probabilities or range values
pertain.

[0040] Optionally, the decoder includes data processing hardware which is operable:

(a) to receive an availability signal;

(b) to receive transmitted frequencies, probabilities or range values in the encoded data (E2);

(c) to construct a complete frequency table, a probability table or a range table from (a) and (b); and

(d) to use the complete frequency table, probability table or range table to range decode the encoded data (E2) to
generate the decoded output data (D3).

[0041] Optionally, the decoder is operable to execute transcoding upon the decoded output data (D3) to generate
corresponding transcoded data.

[0042] According to a fourth aspect, there is provided a method of decoding encoded data (E2) in a decoder, charac-
terized inthat the wherein the method includes using the decoder (80) to extract fromthe encoded data (E2, 30) employing
range coding, information of frequencies, probabilities or range values of different symbols, characterized in that:

the method includes using the decoder (80) to extract from the encoded data (E2, 30) additional information indicative
of whether or not a range value, a probability value or a frequency value for the different symbols is included in the
encoded data (E2, 30), the additional information being indicative of the symbols to which the frequencies, probabilities
or range values pertain.

[0043] Optionally, the method includes:

(a) receiving an availability signal,

(b) receiving transmitted frequencies, probabilities or range values in the encoded data (E2); and

(c) constructing a complete frequency table, a probability table or a range table from steps (a) and (b); and

(d) using the complete frequency table, probability table or range table to range decode the encoded data (E2) to
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generate the decoded output data (D3).

[0044] Optionally, the method includes executing transcoding upon the decoded output data (D3) to generate corre-
sponding transcoded data.

[0045] Optionally, in the method, the availability signal includes at least one availability indicative bit.

[0046] Optionally, in the method, the availability signal includes at least one availability indicative coding method.
[0047] Optionally, in the method, the availability signal includes at least one availability indicative index and/or the
amount of indices.

[0048] According to a fifth aspect, there is provided a codec including at least one encoder pursuant to the first aspect,
and at least one decoder pursuant to the third aspect.

[0049] Accordingto asixth aspect,there is provided a computer program product comprising a non-transitory computer-
readable storage medium having computer-readable instructions stored thereon, the computer-readable instructions
being executable by computing hardware of an encoder pursuant to the first aspect for implementing a method pursuant
to the second aspect.

[0050] According to a seventh aspect, there is provided a computer program product comprising a non-transitory
computer-readable storage medium having computer-readable instructions stored thereon, the computer-readable in-
structions being executable by computing hardware of a decoder pursuant to the third aspect for implementing a method
pursuant to the fourth aspect.

[0051] It will be appreciated that features of the invention are susceptible to being combined in various combinations
without departing from the scope of the invention as defined by the appended claims.

Description of the diagrams

[0052] Embodiments of the present disclosure will now be described, by way of example only, with reference to the
following diagrams wherein:

FIG. 1 is an illustration of an encoder and a corresponding decoder, wherein the encoder is operable to encode input
data (D1) to generate corresponding encoded output data (E2), and the decoder is operable to decode the
encoded data (E2) to generate corresponding decoded data (D3);

FIG. 2 is a flowchart of a method of encoding data pursuant to the present disclosure; and

FIG.3 s a flowchart of a method of decoding data pursuant to the present disclosure

[0053] Inthe accompanying diagrams, an underlined number is employed to represent an item over which the under-
lined number is positioned or an item to which the underlined number is adjacent. When a number is non-underlined
and accompanied by an associated arrow, the non-underlined number is used to identify a general item at which the
arrow is pointing.

Description of embodiments of the disclosure

[0054] In overview, when employing range coding for encoding data (D1), the probabilities of symbols in the data (D1)
that are to be coded have to be known, otherwise an achievable compression efficiency of such range coding corre-
spondingly greatly suffers. The probability of each symbol defines a “range” during coding, wherein the larger the
probability, the larger the range. When symbols are coded, the corresponding ranges are updated according to the
probability of the coded symbol. If the range becomes small enough, a range coder emits, for example, a byte and
increases the range. Thus, for more common symbols, their ranges decrease slowly and more symbols can be coded
before a byte is emitted.

[00565] When implementing range coding in an encoder, a frequency table index, a probability table index or a range
table index, or frequencies, probabilities or range values for symbols are sent in encoded data (E2) generated by the
encoder using some given precision, unless already known, namely a priori, at a corresponding decoder; optionally, the
encoder is operable to switch dynamically between using a frequency table index, a probability table index, a range table
index, frequency values, probability values and range values for mutually different portions of the data (D1) to be encoded.
For example, when eight-bit data is being coded within a range codec, there arise potentially 28 symbols, namely 256
symbols. If eight bits, namely one byte, were used to send each frequency, probability or range value, 256 bytes would
be required to send all the frequencies, probabilities or range values. In some cases, 256 bytes is potentially largerthan
the amount of compressed data acquired from the range encoder, therefore there is a clear need to use fewer bits to
deliver the frequencies, probabilities or range values; in other words, delivering the frequencies, probabilities or range
values from the encoder to the decoder represents a data overhead which is potentially larger than the actual amount
of data to be encoded, corresponding to a lower compression ratio performance.



10

15

20

25

30

35

40

45

50

55

EP 3 108 583 B1

[0056] Methods of encoding data (D1) pursuant to the present disclosure are distinguished from known methods in
that, in addition to the symbol frequencies, probabilities or range values, there is also sent an availability signal, for
example one availability bit for each symbol. The value of this availability bit is beneficially "one", namely " 7", for all the
symbols which are represented in the encoded data (E2) and have high enough probability, and "zero”, namely "0", for
allthe symbols which are not represented inthe encoded data (E2), and 'zero’ also for all the symbols that are represented
in the encoded data (E2) but have a relatively low probability.

[0057] In methods of encoding data (D1) pursuant to the present disclosure, whether or not a symbol has low enough
probability is checked, for example, by comparing the probability of a symbol to a threshold, optionally more than one
threshold value. When encoding the symbols, the probability for the symbols which are not present in the encoded data
(E2) or which have a probability lower than a threshold is ‘zero’ (an escape code is used and no range is preserved for
the symbol) or ‘one’ (namely, low probability symbols delivered with smallest possible range), namely '0' or "7", is
regardless of the size of the whole range used for encoding the input data (D1) 10 provided to the encoder 20 for
generating the encoded data (E2) 30; such pertains when the encoder 20 and the one or more decoders 80 employ the
improved method (T) and an inverse (T-1) thereof, respectively. The amount A (in bits) of encoded data required to send
the frequencies, probabilities or ranges and the availability signal (for example, availability bits in this example) is then
the number Ng of those symbols present, or available, in the encoded data (E2) which have high enough probability
times the number Ny of bits used for each frequency, probability or range value plus one availability bit for all symbols
Os; in other words:

A =Ngs *Ng+ Osg Eq. 1

[0058] The next example of the improved method pursuant to the present disclosure is applied in an encoder 20 to
encode a set of data values as input data (D1) 10 to generate corresponding encoded data (E2) 30. In this example, a
coded data stream (D1) contains 150 data values that can contain 20 symbols (= values), namely from 0 to 19, but only
8 of those 20 possible data values, namely min = 2 and max = 19, are actually represented in the current data stream.
These min and max values (min = "minimum", max ="maximum") are optionally also delivered as described, for example,
in an ODelta coding a method disclosed in a patent application GB1303661.1 filed on 1st March 2013 by Gurulogic
Microsystems Oy; "ODelta" encoding relates to a delta encoding method with offset and wraparound computations for
providing especially efficient encoding of data. This enables a reduction in some bits needed for delivering an availability
signal. Moreover, this also reduces the data range of possibly available symbol values when some method to modify
entropy, such as for example ODelta coding, is used before range encoding is employed. A best advantage associated
with use of the min and max values is achieved when all the methods modifying entropy and range coding use the same
information and that information is delivered only once from an encoder to a corresponding decoder. Table 1 below
shows the frequencies and probabilities ofthe symbols, for example. The probability is computed by dividing the frequency
by the total number of data values.

Table 1: Example range encoding pursuant to the present disclosure

Value Frequency | Probability | Probability | Probability with 7 | Probability with | Probability with 6
(Symbol in with 7 bits bits (escaped) 7 bits (modified) | bits (modified)
data)

2 7 0.047 6 6 6 2

4 2 0.013 2 (0) (1) (1)

7 81 0.54 69 69 63 28

9 1 0.007 1 (0) (1) (1)

12 39 0.26 33 33 30 13

13 9 0.06 8 8 7 3

14 3 0.02 2 2 2 (1)

19 8 0.053 7 7 6 3

Escape 0 0.0 0) 3 X12 X12

Sum 150 1.000 128 128 114+14=128 49+15=64
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[0059] In Table 1, there are a couple of symbols that have a very low probability of occurrence. In an event that 7 bits
are used to deliver the probabilities, if the same amount of bits to describe each probability were used, there would be
needed 20*7 = 140 bits to express all the probabilities. If the presence of symbols in the stream, namely in the encoded
data (E2) 30, is expressed by sending, for example, one availability bit per each symbol, we would still need 8*7 + 20*1
= 76 bits to express all the probabilities.

[0060] Already this initial embodiment, for implementing the improved method pursuant to the present disclosure,
differs from known solutions on account of using separate availability bits to reduce the amount of delivered probabilities
from 20 to 8. With regard to other embodiments of the present disclosure described later, it is optionally beneficial to
ensure that the threshold that determines whether a given probability is sent to the decoder 80 or not, for example the
threshold is optionally set to 0.018 with 7 bits probability. Modifying the threshold changes the amount of bits in the
encoded data (E2) 30 needed to express and deliver the probabilities to the one or more decoders 80. If 0.10 is selected
as the threshold for the data described by Table 1, only two symbols will be left and then 2*x + 20*1 bits are needed for
expressing the probabilities in the encoded data (E2) 30, where X refers to the bit count used to express the probability.
[0061] Finding an optimal threshold for use when implementing the improved method of the disclosure depends upon
an amount ofencoded data (E2) 30 to be sent from the encoder 20 to the one or more decoders 80, and upon frequencies
of symbols represented in the encoded data (E2) 30. A manner in which the one or more aforesaid thresholds are
determined will now be elucidated in greater detail. For example, let

T = the threshold, and

B = the bit count used to express the probability,

forexample in the Table 1 above, expressible in either 6 or 7 bits. The threshold is beneficially inside given recommended
limits, and not smaller than a lower threshold limit T oy, as determined by Equation 2 (Eq. 2):

T 1
£ 25}
2 8
st
= <T <
= T Re ended
28 compende, 2{3

Eqg. 2

[0062] In the last four columns in Table 1, there are shown the actual probabilities that are sent to the one or more
decoders 80. In the "Probability with 7 bits” column, there is shown the probability sent if 7 bits are used for all the 8 or
20 data values, with orwithout an availability signal, wherein the availability signal refers to signal expressing the presence
of symbols in the stream. The “Probability with 7 bits (escaped)"” corresponds to a probability sent utilizing a first em-
bodiment of the improved method pursuant to the present disclosure, and the "Probability with 7 (or 6) bits (modified)”
corresponds to a probability sent utilizing a second embodiment of the improved method pursuant to the present dis-
closure.

[0063] The probabilities shown in parenthesis in the last three columns of Table 1, are not actually sent to the one or
more decoders 80, as they are expressed by using the zero availability bit. In this example, the probabilities sent to the
one or more decoders 80 are close to the probabilities sent with known methods of encoding, thus utilizing the improved
method pursuant to the present disclosure does not affect the efficiency of actual range coding significantly, but can
improve overall compression efficiency greatly by reducing the number of bits required to be sent for frequencies,
probabilities or range values. Moreover, it will be appreciated that the sum of the probabilities sent in a known manner,
or an escaped case, is 128, whereas in the improved method according to the second embodiment involves the sum of
the probabilities being sent as shown in the table, namely either 114 or 49. This arises on account of reserving the
probability value ‘one’ for each data value that was expressed with a zero availability bit, wherein there are 14 or 15 of
these data values, wherein 12 data values are not present in the stream, and 2 or 3 values that have lower probability
than the threshold.

[0064] In this example, using 7 bits and a threshold as well, symbols 4 and @ are expressed with a zero availability
bit, together with all the 12 symbols that are not present in the data stream. Originally, there was no range, called escape,
reserved for those symbols that are not present in the data stream. Now, there will have to be a mechanism to deliver
also those symbols 4 and 9 that do not get their own probability. This can be efficiently done by using two different
embodiments described below.

[0065] The first embodiment, shown in the Table 1 above with "(escaped)", is where a separate escape symbol and
its associated range are created. When the symbol does not have its own range, it is delivered with the escape (range).
Additionally, the symbol value is also delivered in its own data stream. The symbol value can be delivered with 5 bits in
this example, because the symbol value range is 0 to 19. Optionally, when the ratio of available symbols divided by all
possible symbols is high, namely greater than 0.25, the symbol value is beneficially delivered with a slightly smaller
amount of bits, by delivering the symbol value with its corresponding availability 0-bit position. For example, in this
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example case, a symbol value 4 corresponds to an availability 0-bit 3 and a symbol value 9 corresponds to an availability
0-bit 7, in the bit stream, namely "00700001000011100001". Therefore, there are only 14 availability 0-bits available in
the stream and only 4 bits are needed to present them, namely to represent them in the encoded data (E2). The delivery
of separate symbol value stream is optionally avoided, namely the probabilities of the range coding are switched from
normal probabilities to being equal probabilities of all symbols, or as equal probabilities of all availability 0-bit symbols,
as possible after escape (range) symbol delivery for delivering the actual data value, and then probabilities are returned
back to the normal probabilities, when the actual symbol value is delivered.

[0066] The second embodiment defines that all the availability 0-bit symbols will be allocated a probability '1’, and a
remainder of the range is preserved for the availability 1 -bit symbols from the full range of probabilities. Such solutions,
shown in the Table 1 with "(modified)", are also described. Now, there are 12 + 2 escaped symbols, in the 7 bits example
above, and they are allocated 14 values from 128 available values. The remaining 114 values are used for those 6
symbols that are allocated with availability 1-bit. A similar example is also presented using 6 bits for range probabilities
in the last column of the Table 1, wherein the threshold value is in this example selected to be 0.4. As aforementioned,
this time those availability 0-bit symbols in the bit stream can be understood as being escape symbols, and they all will
be allocated their own probability value '7', as shown in the Table 1 with parenthesis.

[0067] The amount of bits needed for delivering probability values will now be described. The combined (escape)
solution uses 7*7 + 20*1 =69 bits. In this example, it is not a preferred solution because it saves only seven (76 - 69)
bits in probability table delivery as compared to the first embodiment pursuant to the present disclosure, but uses 3*4 =
12 bits for additional escaped symbol values delivery. Thus, the better probability of one or more escaped symbols
compared to the original symbols is not enough to compensate for the increase in data size. This time, the probability
of other symbols is the same and benefits are not achieved by delivering those symbols either.

[0068] This improved method is also useful in another way, for example when a lot of symbols are escaped, but their
probability is not very high. Sometimes, it is also feasible to use a lower amount of bits as well for escape symbols than
for original symbols, because the smallest probabilities are delivered in any case with a combined escape code. The
second embodiment with modified probabilities uses 6*7 + 20*1 = 62 bits (with 7-bit) or 5*6 + 20*1 = 50 bits (with 6 bits).
The delivery of probabilities is optionally even better optimized by knowing or delivering information denoting the prob-
ability of the most frequent symbol represented in the encoded data (E2) 30.

[0069] Now, when the highest probability value is below 64, and below 32, probabilities are optionally delivered with
6 bits (and 5 bits) in these examples, so the total probability table delivery requires only 6*6 + 20*1 = 56 bits (with 7 bits
example), and 5*5 + 20*1 = 45 bits (with 6 bits example). Moreover, the delivery of this 20*1 availability bit stream is
optionally compressed; in addition to compressing the availability bits, it is also feasible to implement embodiments of
the presentdisclosure by compressing frequencytables or probability values; such compression is optionally implemented
via use of one or more compression methods. This is the case especially when there are lot of possible symbols available
and there are different availability 0-bit and availability 1-bit probabilities, namely lots of 0's or lots of 1's, or they are
located in different parts of the bit stream in the encoded data (E2) 30. Optionally, when the range of available symbols
is limited separately, for example by delivering min and/or max values, the first and/or the last symbols are known to be
available in the stream and those are not needed to be communicated via use of an availability signal, for example
availability bits for it orthem are not needed to be delivered. There is only a need to deliver availability signal, for example
availability bits, for the range from min+1 to max-1. In this Table 1 example, the saving is 31 (76 - 45) bits compared to
the case where the symbol presence was expressed, namely the first improved method. The saving is 95 (140 - 45) bits
compared to known methods. Such savings are not lost with less accurate probabilities of symbols and so these improved
methods are clearly advantageous methods to deliver the data in this example.

[0070] Optionally, probability information is delivered in the encoded data (E2) 30 with even less accurate probability
values, or by using a higher threshold value and thus achieving even more data size savings in the probability table
delivery via the encoded data (E2) 30. The savings in probability table delivery results typically also in some loss in
entropy coding. Such loss has to be taken into account when selecting a best possible table delivery method when
implementing embodiments of the present disclosure.

[0071] The improved methods of the disclosure are also optionally used for original data in some cases, to save on
data size, for example when storing in databases, on data carriers and similar. It will be appreciated that, in examples
provided in the foregoing, the original data contains only 150 symbols and 8 different values and so the original 150*5
= 750 bits information can be delivered also with 150*3 + 20*1 = 470 bits by using the availability bit information directly
for the original data. Range coding with table delivery and entropy coding is capable of achieving a smaller data size
than the original data. It will be appreciated that different methods that modify entropy of the data can be used before
the range coding. Similarly, their inverse operations then need to be done after the range decoding. Such methods that
modify entropy include, for example, Delta coding, ODelta coding, namely a method disclosed in a patent application
GB1303661.1 filed on 1st March 2013 by Gurulogic Microsystems Oy (hereby incorporated by reference, wherein ODelta
encoding employs a combination of Delta coding, an offset computation and a wraparound computation), entropy modifier
(EM), a method disclosed in patent application GB1303658.7, filed on 1st March, 2013 by Gurulogic Microsystems Oy
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(hereby incorporated in reference), run length encoding (RLE), and split run length encoding (SRLE), a method disclosed
in patent application GB1303660.3, filed on 1st March, 2013 by Gurulogic Microsystems Oy (hereby incorporated by
reference).

[0072] As described earlier, improved methods pursuant to the present disclosure beneficially optionally do not utilize
one or more <EOM> symbols when implementing range coding, because of an amount of data to be encoded (= amount
of data to be decoded) or an amount of encoded data (that will need to be decoded) can be delivered instead. Based
on that amount of data to be encoded or amount of encoded data that are present in the encoded data (E2) 30 after
range encoding can be used when the data (D3) 90 is decoded with range decoding. Moreover, pursuant to the present
disclosure, there is no need for delivering an additional <EOM> symbol after data during range coding for generating
the encoded data (E2) 30.

[0073] Optionally, when the probability values are delivered, for example via the encoded data (E2) 30 but not limited
thereto, there is no need to deliver the last probability value when the sum of probability values is known, for example
preset, or has already been delivered to the one or more decoders 80. The last probability value for symbol, escape,
<EOM> or true symbol present in data, are optionally calculated by subtracting from the probability sum all the previously
delivered values. In any case, the sum needs to be known, so that the decoding of probability values can be executed
properly in the one or more decoders 80. Some bits can thus optionally be saved form the data size in advance by not
delivering the last probability value.

[0074] Although examples of the present disclosure are provided in respect of range coding, they are also susceptible
to being employed mutatis mutandis for arithmetic coding and binary arithmetic coding implemented in the encoder 20.
When such arithmetic coding and binary arithmetic coding are implemented in the encoder 20, the escape code is not
used in the actual coding process, but instead for determining a manner in which to transmit the probability range for
similar future items. However, such a method is less efficient than aforementioned improved methods of the present
disclosure, which use an availability signal and a probability value to convey that a given symbol exists, and an indication
of an associated probability of the given symbol; reference is herewith made to known “Compression ratio is generally
lower, than in static <http:/lcompressions.sourceforge.net/Arithmetic.html#static> coding. Although for short input se-
quences benefit of not sending statistics data can be more significant”. Thus, improved methods ofthe present disclosure
represent a considerable technical advance in data encoding technology.

[0075] The improved methods of encoding pursuant to the present disclosure are susceptible to being used in data
handling and data generating devices, for example in personal computers, portable wireless enabled computers, phablet
computers, tablet computers, smart telephones, mobile telephones (“cell phones"), audio-visual apparatus, digital cam-
eras, video cameras, scientific instruments, gene sequencing apparatus, televisions, surveillance apparatus, but not
limited thereto. The improved methods are optionally implemented in digital hardware, for example Application Specific
Integrated Circuits (ASICs). Alternatively, or additionally, the improved methods are susceptible to being implemented
using one or more software products recorded on non-transitory (non-transient) machine-readable data storage media,
wherein the software products are executable upon computing hardware. Optionally, the one or more software products
are downloadable via a communication network as "soffware apps”, for example to wireless-enabled portable commu-
nication devices, for example mobile telephones. The encoder 20 and the corresponding decoder 80 are susceptible to
being implemented as a codec 95, for example for use in portable signal capture apparatus, for example digital cameras,
Internet-enabled multimedia apparatus, games-playing apparatus, surveillance cameras, environmental monitoring ap-
paratus and such like, but not limited thereto.

[0076] Referring next to FIG. 2, there are shown steps of a method encoding the data (D1) 10 in the encoder 20 to
generate the corresponding encoded data (E2) 30. The steps are optionally performed in sequence as illustrated, although
certain of the steps are optional, and their order of execution may be varied.

Table 2: Steps of a method of encoding data

Step Operation Detail

100 Receive the data (D1) 10 and analyze its data characteristics to determine information | Non-optional
describing probabilities of symbols occurring therein

110 Determine whether or not the data (D1) 10 is beneficially subdivided into a plurality of Optional
parts, wherein each partis encoded separately with associated probability of occurrence
of symbols therein

11
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(continued)

Step Operation Detail

120 Generate data indicative of whether or not a given symbol is represented in the encoded | Non-optional
data (E2) 30 by way of the information describing probabilities of symbols occurring
therein with an availability signal, for example expressed as single availability bit
information, for example as "71" or "0" or coding method, or number of indexes and their
values.

130 Applying optionally one or more threshold limits to determine whether or not probability | Optional
information is sent regarding one or more symbols present in the data (D1) 10

140 Encoding symbols of the data (D1) 10, together with Non-optional

information describing probabilities of symbols occurring therein from the step 100, and

also the indicative data of the step 120, to generate the encoded data (E2) 30

[0077] Intheone ormoredecoders 80, areverse of Table 2 is substantially performed, namely the frequency, probability
or range information is extracted from the encoded data (E2) 30 derived from the step 100, and the data from the step
120 is employed to determine which symbols encoded in the encoded data (E2) 30 are to subject to decoding using the
frequency, probability or range information and which other symbols are not to be decoded in such a manner, wherein
results of such computations are assembled together to provide the decoded data (D3) 90. Optionally, the one or more
decoders 80 are operable to perform transcoding, such that the data D1 and the data D3 are mutually different. Such
transcoding is, for example, advantageous when the one or more decoders 80 are mutually different, and the data D3
is to be rendered on mutually different presentation apparatus which require transcoding to be customized for such
presentation apparatus, for example pixel display resolution and display aspect ratio.

[0078] Referring nextto FIG. 3, there are shown steps 200 to 240 of a method of decoding the encoded data (E2) 30
to generate the decoded data (D3) 90; optionally, the decoded data (D3) 90 is a regenerated version of the data (D1)
10, but not limited thereto. In operation, in the step 200, the decoder 80 receives an availability signal, namely the
availability bits, or the coding method, or the amount of the indices and the indices themselves. Moreover, in the step
210, the decoder 80 receives the transmitted frequencies, the probabilities or the range tables in the data number 60,
(which is included in the data E2, 30), of which the decoder 80 constructs a complete frequency table, a probability table
or a range table. The "0" bit slot is beneficially set to the value of "0", or " 1", if so desired, and the "7" bit slot will be set
to the value ofthe received frequency, probability or range. If a frequency table is received, it is converted into a probability
table, so that it can be used in range coding. It will be appreciated that also the encoder 20 always needs to convert a
frequency table into a probability table before encoding can be efficiently executed by utilizing range coding. After the
construction of the probability table in the decoder 80, of which the combined sum of values is a power of two, in the
steps 220 to 240, it is then possible to range decode the received transformed data 50 (which is included in the data
E2, 30), and thus produce the decoded output data (D3) 90. The steps 200 to 240 correspond substantially to an inverse
of the steps 100 to 140 in FIG. 2.

[0079] The encoder 20 and the decoder 80 are susceptible to being employed in a wide range of data handling
apparatus, forexample wireless communication devices, audio apparatus, audio-visual apparatus, computing apparatus,
video conferencing apparatus, surveillance apparatus, scientific measuring apparatus, genetic sequencing apparatus,
genetic sequence analysis apparatus, communication system hardware and/or software, communication network hard-
ware and/or software, but not limited thereto.

[0080] Modifications to embodiments of the invention described in the foregoing are possible without departing from

the scope of the invention as defined by the accompanying claims. Expressions such as "including", "comprising",
"incorporating”, "consisting of', "have", "is" usedto describe and claim the present invention are intended to be construed
in a non-exclusive manner, namely allowing for items, components or elements not explicitly described also to be present.
Reference to the singular is also to be construed to relate to the plural. Numerals included within parentheses in the
accompanying claims are intended to assist understanding of the claims and should not be construed in any way to limit

subject matter claimed by these claims.

Claims

1. Anencoder (20) configured to encode data (D1, 10) employing range encoding to generate corresponding encoded
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data (E2, 30), wherein the encoded data (E2, 30) includes information of frequencies, probabilities or range values
of different symbols to be represented in the encoded data (E2, 30), characterized in that:

the encoder (20) is configured to include in the encoded data (E2, 30) additional information indicative of whether
or not a range value, a probability value or a frequency value for the different symbols needs to be included in the
encoded data (E2,30), the additional information being indicative ofthe symbols to which the frequencies, probabilities
or range values pertain.

An encoder (20) as claimed in claim 1, characterized in that the encoder (20) is configured to include in the encoded
data (E2, 30) the additional information indicative of whether or not the range value, the probability value or the
frequency value for the different symbols needs to be included in the encoded data (E2,30) expressed as single
availability bit information.

An encoder (20) as claimed in claim 1 or 2, characterized in that the information of frequencies, probabilities or
range values of the different symbols to be represented in the encoded data (E2, 30) is dynamically varied by the
encoder (20) as a function of one or more characteristics of the data (D1, 10) to be encoded.

An encoder (20) as claimed in claim 3, characterized in that the one or more characteristics include at least one
of. a type of the data (D1, 10), content of the data (D1, 10) and/or statistics of the data (D1, 10).

An encoder (20) as claimed in claim 3 or 4, characterized in that the encoder (20) is configured to subdivide the
data (D1, 10) to be encoded into a plurality of parts, and to generate individually foreach part corresponding additional
information indicative of whether or not the range value, the probability value or the frequency value for the different
symbols needs to be included in the encoded data (E2,30).

An encoder (20) as claimed in any one ofthe preceding claims, characterized in that the encoder (20) is configured
to analyze the data (D1, 10) to determine minimum (min) and maximum (max) values occurring therein, and infor-
mation describing the minimum and maximum values is included by the encoder (20) into the encoded data (E2,
30), wherein the minimum (min) and maximum (max) values limit a range of possibly available symbol values when
employing range coding.

An encoder (20) as claimed in claim 6, characterized in that the encoder (20) is configured to express a first symbol
and/or a last symbol present in the data (D1, 10) in the encoded data (E2, 30) without use of an availability signal.

An encoder (20) as claimed in any one ofthe preceding claims, characterized in that the encoder (20) is configured
to modify an entropy of the data (D1, 10) to be encoded, prior to applying range encoding thereto to generate the
encoded data (E2, 30).

An encoder (20) as claimed in any one ofthe preceding claims, characterized in that the encoder (20) is configured
to encode the data (D1, 10) corresponding to at least one of: captured audio signals, genetic sequencing data,
captured video signals, captured images, text data, seismographic data, sensor signals, analog-to-digital converted,
ADC, data, biomedical signal data, calendar data, economic data, mathematical data.

A method of encoding data (D1, 10) employing range coding in an encoder (20) to generate corresponding encoded
data (E2, 30), wherein the encoded data (E2, 30) includes information of frequencies, probabilities or range values
of different symbols to be represented in the encoded data (E2, 30), characterized in that the method includes:
using the encoder (20) to include in the encoded data (E2, 30) additional information indicative of whether or not
the range value, a probability value or a frequency value forthe different symbols needsto be included in the encoded
data (E2,30), the additional information being indicative of the symbols to which the frequencies, probabilities or
range values pertain.

A method as claimed in claim 10, characterized in that the method further includes using the encoder (20) to
include in the encoded data (E2, 30) the additional information indicative of whether or not the range value, the
probability value or the frequency value for the different symbols needs to be included in the encoded data (E2,30)
expressed as single availability bit information.

A method as claimed in claim 10 or 11, characterized in that the method includes using the encoder (20) to vary

dynamically the information of frequencies, probabilities or range values of the different symbols to be represented
in the encoded data (E2, 30) as a function of one or more characteristics of the data (D1, 10) to be encoded.
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A method as claimed in claim 12, characterized in that the method includes using the encoder (20) to subdivide
the data (D1, 10) to be encoded into a plurality of parts, and to generate individually for each part corresponding
additional information indicative of whether or not the range value, the probability value or the frequency value for
the different symbols needs to be included in the encoded data (E2,30).

A decoder (80) configured to decode encoded data (E2, 30) generated by an encoder (20) employing range coding,
for generating decoded data (D3, 90), wherein the decoder (80) is configured to extract from the encoded data (E2,
30) information of frequencies, probabilities or range values of different symbols, characterized in that:

the decoder (80) is configured to extract from the encoded data (E2, 30) additional information indicative of whether
or not a range value, a probability value or a frequency value for the different symbols is included in the encoded
data (E2, 30), the additional information being indicative of the symbols to which the frequencies, probabilities or
range values pertain.

A decoder (80) as claimed in claim 14, characterized in that the decoder (80) includes data processing hardware
which is configured:

(a) to receive an availability signal;

(b) to receive transmitted frequencies, probabilities or range values in the encoded data (E2, 30);

(c) to construct a complete frequency table, a probability table or a range table from (a) and (b); and

(d) to use the complete frequency table, probability table or range table to range decode the encoded data (E2,
30) to generate the decoded output data (D3, 90).

A method of decoding encoded data (E2, 30) in a decoder (80), wherein the method includes using the decoder
(80) to extract from the encoded data (E2, 30) employing range coding, information of frequencies, probabilities or
range values of different symbols, characterized in that:

the method includes using the decoder (80) to extract fromthe encoded data (E2, 30) additional information indicative
of whether or not a range value, a probability value or a frequency value for the different symbols is included in the
encoded data (E2, 30), the additional information being indicative of the symbols to which the frequencies, proba-
bilities or range values pertain.

A method as claimed in claim 16, characterized in that the method includes:

(a) receiving an availability signal,

(b) receiving transmitted frequencies, probabilities or range values in the encoded data (E2, 30);

(c) constructing a complete frequency table, a probability table or a range table from steps (a) and (b); and
(d) using the complete frequency table, probability table or range table to range decode the encoded data (E2,
30) to generate the decoded output data (D3, 90).

A method as claimed in claim 16 or 17, characterized in that the method includes executing transcoding upon the
decoded output data (D3) to generate corresponding transcoded data.

A codec (20, 80; 95) including at least one encoder (20) as claimed in any one of claims 1 to 9, and a decoder (80)
as claimed in any one of claims 10 to 13.

A computer program product comprising a non-transitory computer-readable storage medium having computer-
readable instructions stored thereon, the computer-readable instructions being executable by computing hardware
of an encoder (20) as claimed in any one of claims 1 to 9, for implementing a method as claimed in any one of claims
10 to 13.

A computer program product comprising a non-transitory computer-readable storage medium having computer-
readable instructions stored thereon, the computer-readable instructions being executable by computing hardware
of a decoder (80) as claimed in claim 14 for implementing a method as claimed in claim 16.

Patentanspriiche

1.

Codierer (20), der konfiguriert ist, um Daten (D1, 10) zu codieren, und der eine Bereichscodierung verwendet, um
entsprechende codierte Daten (E2, 30) zu erzeugen, wobei die codierten Daten (E2, 30) Informationen liber Hau-
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figkeiten, Wahrscheinlichkeiten oder Bereichswerte verschiedener Symbole einschlief3en, die in den codierten Daten
(E2, 30) dargestellt werden sollen, dadurch gekennzeichnet, dass:

der Codierer (20) konfiguriert ist, um in die codierten Daten (E2, 30) zuséatzliche Informationen einzuschlieBen, die
angeben, ob ein Bereichswert, ein Wahrscheinlichkeitswert oder ein Haufigkeitswert flir die verschiedenen Symbole
in die codierten Daten (E2, 30) eingeschlossen werden muss oder nicht, wobei die zusétzlichen Informationen die
Symbole angeben, auf die sich die Haufigkeiten, Wahrscheinlichkeiten oder Bereichswerte beziehen.

Codierer (20) nach Anspruch 1, dadurch gekennzeichnet, dass der Codierer (20) konfiguriert ist, um die zuséatz-
lichen Informationen, die angeben, ob der Bereichswert, der Wahrscheinlichkeitswert oder der Haufigkeitswert fir
die verschiedenen Symbole in die codierten Daten (E2, 30) eingeschlossen werden muss oder nicht, ausgedriickt
als einzelne Verflgbarkeitsbitinformation, in die codierten Daten (E2, 30) einzuschlieen.

Codierer (20) nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass die Informationen liber Haufigkeiten, Wahr-
scheinlichkeiten oder Bereichswerte der verschiedenen in den codierten Daten (E2, 30) darzustellenden Symbole
durch den Codierer (20) in Abh&ngigkeit von einer oder mehreren Eigenschaften der zu codierenden Daten (D1,
10) dynamisch variiert werden.

Codierer (20) nach Anspruch 3, dadurch gekennzeichnet, dass die eine oder die mehreren Eigenschaften min-
destens eines umfassen von: einem Typ der Daten (D1, 10), Inhalt der Daten (D1, 10) und/oder Statistiken der
Daten (D1, 10).

Codierer (20) nach Anspruch 3 oder 4, dadurch gekennzeichnet, dass der Codierer (20) konfiguriert ist, um die
zu codierenden Daten (D1, 10) in eine Vielzahl von Teilen zu unterteilen, und individuell fir jeden Teil entsprechende
zuséatzliche Informationen zu erzeugen, die angeben, ob der Bereichswert, der Wahrscheinlichkeitswert oder der
Haufigkeitswert fir die verschiedenen Symbole in die codierten Daten (E2, 30) eingeschlossen werden muss oder
nicht.

Codierer (20) nach einem der vorstehenden Anspriiche, dadurch gekennzeichnet, dass der Codierer (20) konfi-
guriert ist, um die Daten (D1, 10) zu analysieren, um darin auftretende minimale (min) und maximale (max) Werte
zu bestimmen, und Informationen, die die minimalen und maximalen Werte beschreiben, durch den Codierer (20)
in die codierten Daten (E2, 30) eingeschlossen werden, wobei die minimalen (min) und maximalen (max) Werte
einen Bereich von méglicherweise verfligbaren Symbolwerten begrenzen, wenn eine Bereichscodierung verwendet
wird.

Codierer (20) nach Anspruch 6, dadurch gekennzeichnet, dass der Codierer (20) konfiguriert ist, um ein erstes
Symbol und/oder ein letztes Symbol, das in den Daten (D1, 10) vorhanden ist, in den codierten Daten (E2, 30) ohne
Verwendung eines Verfligbarkeitssignals auszudriicken.

Codierer (20) nach einem der vorstehenden Anspriiche, dadurch gekennzeichnet, dass der Codierer (20) konfi-
guriert ist, um eine Entropie der zu codierenden Daten (D1, 10) zu modifizieren, bevor eine Bereichscodierung
darauf angewendet wird, um die codierten Daten (E2, 30) zu erzeugen.

Codierer (20) nach einem der vorstehenden Anspriiche, dadurch gekennzeichnet, dass der Codierer (20) konfi-
guriert ist, um die Daten (D1, 10) zu codieren, die mindestens einem entsprechen von: erfassten Audiosignalen,
genetischen Sequenzierungsdaten, erfassten Videosignalen, erfassten Bildern, Textdaten, seismographischen Da-
ten, Sensorsignalen, Analog-Digitalgewandelten Daten, ADC-Daten, biomedizinischen Signaldaten, Kalenderdaten,
wirtschaftlichen Daten, mathematischen Daten.

Verfahren zum Codieren von Daten (D1, 10) unter Verwendung von Bereichscodierung in einem Codierer (20), um
entsprechende codierte Daten (E2, 30) zu erzeugen, wobei die codierten Daten (E2, 30) Informationen liber Hau-
figkeiten, Wahrscheinlichkeiten oder Bereichswerte verschiedener Symbole einschlieRen, die in den codierten Daten
(E2, 30) dargestellt werden sollen, dadurch gekennzeichnet, dass das Verfahren einschlieft:

Verwenden des Codierers (20), um in die codierten Daten (E2, 30) zusétzliche Informationen einzuschlief3en, die
angeben, ob der Bereichswert, ein Wahrscheinlichkeitswert oder ein Haufigkeitswert fiir die verschiedenen Symbole
in die codierten Daten (E2, 30) eingeschlossen werden muss oder nicht, wobei die zusétzlichen Informationen die
Symbole angeben, auf die sich die Haufigkeiten, Wahrscheinlichkeiten oder Bereichswerte beziehen.

Verfahren nach Anspruch 10, dadurch gekennzeichnet, dass das Verfahren ferner ein Verwenden des Codierers
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(20) einschlie8t, um die zusatzlichen Informationen, die angeben, ob der Bereichswert, der Wahrscheinlichkeitswert
oder der Haufigkeitswert fiir die verschiedenen Symbole in die codierten Daten (E2, 30) eingeschlossen werden
muss oder nicht, ausgedriickt als einzelne Verfligbarkeitsbitinformation, in die codierten Daten (E2, 30) einzuschlie-
Ben.

Verfahren nach Anspruch 10 oder 11, dadurch gekennzeichnet, dass das Verfahren ein Verwenden des Codierers
(20) einschliefdt, um die Informationen lber Haufigkeiten, Wahrscheinlichkeiten oder Bereichswerte der verschie-
denen Symbole, die in den codierten Daten (E2, 30) dargestellt werden sollen, in Abhangigkeit von einer oder
mehreren Eigenschaften der Daten (D1, 10), die codiert werden sollen, dynamisch zu variieren.

Verfahren nach Anspruch 12, dadurch gekennzeichnet, dass das Verfahren ein Verwenden des Codierers (20)
einschliefdt, um die zu codierenden Daten (D1, 10) in eine Vielzahl von Teilen zu unterteilen, und individuell fir
jeden Teil entsprechende zusétzliche Informationen zu erzeugen, die angeben, ob der Bereichswert, der Wahr-
scheinlichkeitswert oder der Haufigkeitswert flir die verschiedenen Symbole in die codierten Daten (E2, 30) einge-
schlossen werden muss oder nicht.

Decodierer (80), der konfiguriert ist, um codierte Daten (E2, 30) zu decodieren, die von einem Codierer (20) erzeugt
werden, der Bereichscodierung verwendet, um decodierte Daten (D3, 90) zu erzeugen, wobei der Decodierer (80)
konfiguriert ist, um aus den codierten Daten (E2, 30) Informationen liber Haufigkeiten, Wahrscheinlichkeiten oder
Bereichswerte verschiedener Symbole zu extrahieren, dadurch gekennzeichnet, dass:

der Decodierer (80) konfiguriert ist, um aus den codierten Daten (E2, 30) zusatzliche Informationen zu extrahieren,
die angeben, ob ein Bereichswert, ein Wahrscheinlichkeitswert oder ein Haufigkeitswert fir die verschiedenen
Symbole in den codierten Daten (E2, 30) eingeschlossen ist oder nicht, wobei die zuséatzlichen Informationen die
Symbole angeben, auf die sich die Haufigkeiten, Wahrscheinlichkeiten oder Bereichswerte beziehen.

Decodierer (80) nach Anspruch 14, dadurch gekennzeichnet, dass der Decodierer (80) Datenverarbeitungshard-
ware einschlie3t, die konfiguriert ist zum:

(a) Empfangen eines Verfligbarkeitssignals;

(b) Empfangen ubertragener Haufigkeiten, Wahrscheinlichkeiten oder Bereichswerte in den codierten Daten
(E2, 30);

(c) Erstellen einer vollstandigen Haufigkeitstabelle, einer Wahrscheinlichkeitstabelle oder einer Bereichstabelle
aus (a) und (b); und

(d) Verwenden der vollstandigen Haufigkeitstabelle, Wahrscheinlichkeitstabelle oder Bereichstabelle zum Be-
reichsdecodieren der codierten Daten (E2, 30), um die decodierten Ausgangsdaten (D3, 90) zu erzeugen.

Verfahren zum Decodieren codierter Daten (E2, 30) in einem Decodierer (80), wobei das Verfahren ein Verwenden
des Decodierers (80) einschlie8t, um aus den codierten Daten (E2, 30) unter Verwendung von Bereichscodierung
Informationen liber Haufigkeiten, Wahrscheinlichkeiten oder Bereichswerte verschiedener Symbole zu extrahieren,
dadurch gekennzeichnet, dass:

das Verfahren ein Verwenden des Decodierers (80) einschlief3t, um aus den codierten Daten (E2, 30) zuséatzliche
Informationen zu extrahieren, die angeben, ob ein Bereichswert, ein Wahrscheinlichkeitswert oder ein Haufigkeits-
wert fir die verschiedenen Symbole in den codierten Daten (E2, 30) eingeschlossen ist oder nicht, wobei die
zuséatzlichen Informationen die Symbole angeben, auf die sich die Haufigkeiten, Wahrscheinlichkeiten oder Be-
reichswerte beziehen.

Verfahren nach Anspruch 16, dadurch gekennzeichnet, dass das Verfahren einschlief3t:

(a) Empfangen eines Verfligbarkeitssignals;

(b) Empfangen ubertragener Haufigkeiten, Wahrscheinlichkeiten oder Bereichswerte in den codierten Daten
(E2, 30);

(c) Erstellen einer vollstandigen Haufigkeitstabelle, einer Wahrscheinlichkeitstabelle oder einer Bereichstabelle
aus den Schritten (a) und (b); und

(d) Verwenden der vollstandigen Haufigkeitstabelle, Wahrscheinlichkeitstabelle oder Bereichstabelle zum Be-
reichsdecodieren der codierten Daten (E2, 30), um die decodierten Ausgangsdaten (D3, 90) zu erzeugen.

Verfahren nach Anspruch 16 oder 17, dadurch gekennzeichnet, dass das Verfahren ein Ausfiihren einer Trans-
codierung anden decodierten Ausgangsdaten (D3) einschlie3t, um entsprechende transcodierte Daten zu erzeugen.
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Codec (20, 80; 95) einschliel3lich mindestens einem Codierer (20) nach einem der Anspriiche 1 bis 9 und einem
Decodierer (80) nach einem der Anspriiche 10 bis 13.

Computerprogrammprodukt, umfassend ein nichtfliichtiges, computerlesbares Speicherungsmedium mit darauf ge-
speicherten computerlesbaren Anweisungen, wobei die computerlesbaren Anweisungen durch Rechenhardware
eines Codierers (20) nach einem der Anspruch 1 bis 9 ausflihrbar sind, um ein Verfahren nach einem der Anspriiche
10 bis 13 zu implementieren.

Computerprogrammprodukt, umfassend ein nichtfliichtiges computerlesbares Speicherungsmedium mit darauf ge-
speicherten computerlesbaren Anweisungen, wobei die computerlesbaren Anweisungen durch Rechenhardware
eines Decodierers (80) nach Anspruch 14 ausfiihrbar sind, um ein Verfahren nach Anspruch 16 zu implementieren.

Revendications

Encodeur (20) configuré pour encoder des données (D1, 10) en faisant appel a un encodage par intervalle pour
générer des données encodées correspondantes (E2, 30), dans lequel les données encodées (E2, 30) incluent des
informations de fréquences, des probabilités ou des valeurs d'intervalle de différents symboles a représenter dans
les données encodées (E2, 30), caractérisé en ce que :

I'encodeur (20) est configuré pour inclure dans les données encodées (E2, 30) des informations supplémentaires
indicatives du fait qu’une valeur d’intervalle, une valeur de probabilité ou une valeur de fréquence pour les différents
symboles doit étre ou non incluse dans les données encodées (E2, 30), les informations supplémentaires étant
indicatives des symboles auxquels les fréquences, probabilités ou valeurs d’intervalle appartiennent.

Encodeur (20) tel que revendiqué dans la revendication 1, caractérisé en ce que I'encodeur (20) est configuré
pour inclure dans les données encodées (E2, 30) les informations supplémentaires indicatives du fait que la valeur
d’intervalle, la valeur de probabilité ou la valeur de fréquence pour les différents symboles doit étre ou non incluse
dans les données encodées (E2, 30) exprimées en tant qu’informations a bit de disponibilité unique.

Encodeur (20) telque revendiqué dans larevendication 1 ou 2, caractérisé en ce que les informations de fréquences,
probabilités ou valeurs d’intervalle des différents symboles a représenter dans les données encodées (E2, 30) sont
variées dynamiquement par I'encodeur (20) en fonction d’'une ou plusieurs caractéristiques des données (D1, 10)
a encoder.

Encodeur (20) tel que revendiqué dans la revendication 3, caractérisé en ce que la ou les caractéristiques incluent
au moins un parmi: un type des données (D1, 10), un contenu des données (D1, 10) et/ou des statistiques des
données (D1, 10).

Encodeur (20) tel que revendiqué dans la revendication 3 ou 4, caractérisé en ce que I'encodeur (20) est configuré
pour subdiviser les données (D1, 10) a encoder en une pluralité de parties, et pour générer individuellement pour
chaque partie des informations supplémentaires correspondantes indicatives du fait que la valeur d’intervalle, la
valeur de probabilité ou la valeur de fréquence pour les différents symboles doit étre ou non incluse dans les données
encodées (E2, 30).

Encodeur (20) tel que revendiqué dans I'une quelconque des revendications précédentes, caractérisé en ce que
I'encodeur (20) est configuré pour analyser les données (D1, 10) pour déterminer des valeurs minimale (min) et
maximale (max) se produisant en son sein, et les informations décrivant les valeurs minimale et maximale sont
incluses parl'encodeur (20)dans les données encodées (E2, 30), dans lequel les valeurs minimale (min) et maximale
(max) limitent un intervalle de valeurs de symbole éventuellement disponibles lorsque I'on fait appel a un codage
par intervalle.

Encodeur (20) tel que revendiqué dans la revendication 6, caractérisé en ce que l'encodeur (20) est configuré
pour exprimer un premier symbole et/ou un dernier symbole présent dans les données (D1, 10) dans les données
encodées (E2, 30) sans utilisation d'un signal de disponibilité.

Encodeur (20) tel que revendiqué dans I'une quelconque des revendications précédentes, caractérisé en ce que

I'encodeur (20) est configuré pour modifier une entropie des données (D1, 10) a encoder, avant application d'un
encodage par intervalle a celles-ci pour générer les données encodées (E2, 30).
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Encodeur (20) tel que revendiqué dans I'une quelconque des revendications précédentes, caractérisé en ce que
I'encodeur (20) est configuré pour encoder les données (D1, 10) correspondant & au moins un parmi : sighaux audio
capturés, données de séquencage génétique, signhaux vidéo capturés, images capturées, données textuelles, don-
nées sismographiques, signaux de capteur, données de signal converties d’analogique vers numérique, ADC,
données de signal biomédicales, données de calendrier, données économiques, données mathématiques.

Procédé d’encodage de données (D1, 10) en faisant appel a un codage par intervalle dans un encodeur (20) pour
générer des données encodées correspondantes (E2, 30), dans lequel les données encodées (E2, 30) incluent des
informations de fréquences, des probabilités ou des valeurs d'intervalle de différents symboles a représenter dans
les données encodées (E2, 30), caractérisé en ce que le procédé inclut :

I'utilisation de I'encodeur (20) pour inclure dans les données encodées (E2, 30) des informations supplémentaires
indicatives du fait qu’une valeur d’intervalle, une valeur de probabilité ou une valeur de fréquence pour les différents
symboles doit étre ou non incluse dans les données encodées (E2, 30), les informations supplémentaires étant
indicatives des symboles auxquels les fréquences, probabilités ou valeurs d’intervalle appartiennent.

Procédé tel que revendiqué dans la revendication 10, caractérisé en ce que le procédé inclut en outre I'utilisation
de I'encodeur (20) pour inclure dans les données encodées (E2, 30) les informations supplémentaires indicatives
du fait que la valeur d'intervalle, la valeur de probabilité ou la valeur de fréquence pour les différents symboles doit
étre ou non incluse dans les données encodées (E2, 30) exprimées en tant qu’informations a bit de disponibilité
unique.

Procédé tel que revendiqué dans la revendication 10 ou 11, caractérisé en ce que le procédé inclut I'utilisation de
I'encodeur (20) pour faire varier dynamiquement les informations de fréquences, probabilités ou valeurs d'intervalle
des différents symboles a représenter dans les données encodées (E2, 30) en fonction d'une ou plusieurs carac-
téristiques des données (D1, 10) a encoder.

Procédé tel que revendiqué dans la revendication 12, caractérisé en ce que le procédé inclut 'utilisation de I'en-
codeur (20) pour subdiviser les données (D1, 10) a encoder en une pluralité de parties, et pour générer individuel-
lement pour chaque partie des informations supplémentaires correspondantes indicatives du fait que la valeur
d’intervalle, la valeur de probabilité ou la valeur de fréquence pour les différents symboles doit étre ou non incluse
dans les données encodées (E2, 30).

Décodeur (80) configuré pour décoder des données encodées (E2, 30) générées par un encodeur (20) en faisant
appel a un codage par intervalle, pour générer des données décodées (D3, 90), dans lequel le décodeur (80) est
configuré pour extraire hors des données encodées (E2, 30) des informations de fréquences, des probabilités ou
des valeurs d’intervalle de différents symboles, caractérisé en ce que :

le décodeur (80) est configuré pour extraire hors des données encodées (E2, 30) des informations supplémentaires
indicatives du fait qu’une valeur d’intervalle, une valeur de probabilité ou une valeur de fréquence pour les différents
symboles est ou non incluse dans les données encodées (E2, 30), les informations supplémentaires étant indicatives
des symboles auxquels les fréquences, probabilités ou valeurs d’intervalle appartiennent.

Décodeur (80) tel que revendiqué dans la revendication 14, caractérisé en ce que le décodeur (80) inclut un
matériel de traitement de données qui est configuré :

(a) pour recevoir un signal de disponibilité ;

(b) pour recevoir des fréquences, probabilités ou valeurs d'intervalle transmises dans les données encodées
(E2, 30);

(c) pour construire une table de fréquence compléte, une table de probabilité ou une table d’intervalle a partir
de (a) et de (b) ; et

(d) pour utiliser |la table de fréquence compléte, la table de probabilité ou la table d’intervalle pour décoder par
intervalle les données encodées (E2, 30) pour générer les données de sortie décodées (D3, 90).

Procédé de décodage de données encodées (E2, 30) dans un décodeur (80), dans lequel le procédé inclut 'utilisation
du décodeur (80) pour extraire hors des données encodées (E2, 30) en faisant appel a un codage par intervalle,
des informations de fréquences, des probabilités ou des valeurs d'intervalle de différents symboles, caractérisé
en ce que :

le procédé inclut I'utilisation du décodeur (80) pour extraire hors des données encodées (E2, 30) des informations
supplémentaires indicatives du fait qu'une valeur d’intervalle, une valeur de probabilité ou une valeur de fréquence
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pour les différents symboles est ou non incluse dans les données encodées (E2, 30), les informations supplémen-
taires étant indicatives des symboles auxquels les fréquences, probabilités ou valeurs d'intervalle appartiennent.

Procédé tel que revendiqué dans la revendication 16, caractérisé en ce que le procédé inclut :

(a) la réception d’un signal de disponibilité ;

(b) la réception de fréquences, probabilités ou valeurs d’intervalle transmises dans les données encodées (E2,
30) ;

(c) la construction d’'une table de fréquence compléte, d'une table de probabilité ou d’'une table d’intervalle a
partir des étapes (a) et (b) ; et

(d) l'utilisation de la table de fréquence compléte, de la table de probabilité ou de la table d'intervalle pour
décoder par intervalle les données encodées (E2, 30) pour générer les données de sortie décodées (D3, 90).

Procédé tel que revendiqué dans la revendication 16 ou 17, caractérisé en ce que le procédé inclut I'exécution
d’'untranscodage surles données de sortie décodées (D3) pourgénérerdes données transcodées correspondantes.

Codec (20, 80 ; 95) incluant au moins un encodeur (20) tel que revendiqué dans I'une quelconque des revendications
1 a9, et un décodeur (80) tel que revendiqué dans 'une quelconque des revendications 10 a 13.

Produit programme informatique comprenant un support de stockage non transitoire lisible par un ordinateur ayant
des instructions lisibles par ordinateur stockées sur celui-ci, les instructions lisibles par ordinateur étant exécutables
par un matériel informatique d'un encodeur (20) tel que revendiqué dans I'une quelconque des revendications 1 a
9, pour implémenter un procédé tel que revendiqué dans I'une quelconque des revendications 10 a 13.

Produit programme informatique comprenant un support de stockage non transitoire lisible par un ordinateur ayant
des instructions lisibles par ordinateur stockées sur celui-ci, les instructions lisibles par ordinateur étant exécutables
par un matériel informatique d'un décodeur (80) tel que revendiqué dans la revendication 14 pour implémenter un
procédé tel que revendiqué dans la revendication 16.
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