
Reduced-complexity Vector Indexing and De-indexing D OF THE INVENTION This invention relates to
vector indexing and de-indexing. BACKGROUND OF THE INVENTION  Low complexity algorithms for
speech and audio coding are a very relevant asset for mobile terminal based communications. Due to
low storage and low complexity, while preserving coding efficiency, structured codebooks are
preferred, e.g. for quantization, in several state of the art speech and audio codecs like Adaptive Multi
Rate - WideBand (AMP-WE) or G.EV-VER, which is currently under standardization in BIU-T sci6/49.
The codebooks used within the quantization methods of the speech and audio codecs may for
instance be based on lattice structures, as described in reference "Low-complexity multi-rate lattice
vector quantization with application to wideband TON speech coding at 32 kbit/s" by S. Ragot, B.
Bessette and R. Lefebvre, Proceedings of the IEEE International Conference on Acoustics, Speech,
and Signal Processing, 2004 (ICASSP '04), Montreal, Canada, May 17-21, 2004, vol. 1, page 501-504,
which is incorporated herein in its entirety by reference. This reference also describes the quantization
process in more detail.  2 It is possible to define a lattice codebook as a union of leader classes, each
of which is characterized by a leader vector. A leader vector is an n-dimensional vector, whose
components are ordered (e.g. decreasingly). The leader class corresponding to the leader vector then
consists of the leader vector and all vectors obtained through all the signed permutations of the leader
vector (with some possible restrictions). An algorithm for indexing points of a lattice that is defined as a
union of leader classes may for instance be of the type indexing on leaders. In this context, inter alia
lexicographical and binomial algorithms can be applied, as described in reference "Robust indexing of
lattices and permutation codes over binary symmetric channels" by A. Vasilache and I. Tabus, In
Signal Processing vol. 83, no. 7, pp. 1467-1486, 2003, which is incorporated herein in its entirety by
reference. Binomial algorithms are generally less complex because they consider several vector
components at a time. SUMMARY 



There exists potential to further reduce the complexity of indexing and/or de-indexing. According to a
first aspect, a method is disclosed, comprising indexing an input vector contained in a set of vectors of
a plurality of sets of vectors. The indexing comprises performing, in case that the input vector is
contained in a set of vectors of a pre-defined group of one or more sets of vectors of the plurality of
sets of  3 vectors, a specific processing that is adapted to a characteristic of the sets of vectors in the
pre-defined group of sets of vectors and is only applicable in case of input vectors contained in sets of
vectors with the characteristic. The indexing further comprises performing, in case that the input vector
is not contained in a set of vectors of the pre-defined group of sets of vectors, a general processing.
According to the first aspect, further a computer program is disclosed. The computer program
comprises instructions operable to cause a processor to index an input vector contained in a set of
vectors of a plurality of sets of vectors. The indexing comprises performing, in case that the input
vector is contained in a set of vectors of a pre-defined group of one or more sets of vectors of the
plurality of sets of vectors, a specific processing that is adapted to a characteristic of the sets of
vectors in the pre-defined group of sets of vectors and is only applicable in case of input vectors
contained in sets of vectors with the characteristic. The indexing further comprises performing, in case
that the input vector is not contained in a set of vectors of the pre-defined group of sets of vectors, a
general processing. According to the first aspect, further a computer-readable medium having such a
computer program stored thereon is disclosed. The computer-readable medium may be any medium
that is capable of storing digital data in electric, magnetic, electro-magnetic or optic form. The medium
may be fixedly installed in a device or may be a removable medium.  4 According to the first aspect,
further an apparatus is disclosed, comprising a processing component configured to index an input
vector contained in a set of vectors of a plurality of sets of vectors. The processing component is
further configured to perform, in case that the input vector to be indexed is contained in a set of
vectors of a pre-defined group of one or more sets of vectors of the plurality of sets of vectors, a
specific processing that is adapted to a characteristic of the sets of vectors in the pre-defined group of
sets of vectors and is only applicable in case of input vectors contained in sets of vectors with the
characteristic. The processing component is further configured to perform, in case that the input vector
to be indexed is not contained in a set of vectors of the pre-defined group of sets of vectors, a general
processing. According to an exemplary embodiment, further an apparatus is disclosed, comprising
means for indexing an input vector contained in a set of vectors of a plurality of sets of vectors. The
means for indexing comprise means for performing, in case that the input vector is contained in a set
of vectors of a pre-defined group of one or more sets of vectors of the plurality of sets of vectors, a
specific processing that is adapted to a characteristic of the sets of vectors in the pre-defined group of
sets of vectors and is only applicable in case of input vectors contained in sets of vectors with the
characteristic. The means for indexing further comprise means for performing, incase that the input
vector is not contained in a set of vectors of the pre-defined group of sets of vectors, a general
processing.  5 



According to an exemplary embodiment, the input vector is a vector that is to be indexed. The input
vector is comprised in a set of vectors, which in turn is comprised in a plurality of sets of vectors. The
plurality of sets of vectors may for instance serve as a codebook, for instance for a quantization
process. In such a quantization process, the input vector may for instance be identified as a closest
match of all vectors in the plurality of sets of vectors with respect to a vector that is to be quantized.
The indexing of the input vector assigns an index to the input vector. The index may for instance
constitute a signal. The signal may be exchanged between two entities as identification of the input
vector. Via the index, the input vector may at least partially be identified in the set of vectors it is
contained in. The index may for instance identify the input vector within the plurality of sets of vectors,
or only within the set of vectors the input vector is contained in. Furthermore, the index may be
representative of the signs of the components of the input vector or not. The indexing of the input
vector may for instance at least yield a position index representative of the positions of values in the
input vector. The indexing may additionally yield a sign index that is representative of a sign of the
components of the input vector. The indexing may furthermore yield a final index that combines the
position index and the sign index and that may additionally be representative of the leader class the
input vector is contained in.  Depending on the set of vectors the input vector is contained in, a
different processing is performed. If the input vector is contained in a set of vectors that belongs to the
pre-defined group of sets of vectors, a specific processing is applied. Otherwise, a general processing
is applied. Both kinds of processing form. at least a part of the indexing of the input vector. For
instance, the specific processing and the general processing may relate to the entire process of
indexing, or may relate to only parts of the process of indexing. The specific processing is adapted to a
characteristic of the set of vectors the input vector is contained in. The specific processing is tailored to
the set of vectors the input vector is contained in This allows to improve processing and to reduce the
overall complexity of the indexing of the input vector. For instance, the structure of the specific
processing may be simplified as compared to the general processing, for instance by performing
several actions in one loop. Equally well, introduction of the specific processing may allow to reduce
the complexity of the general processing, for instance by excluding the processing of input vectors of
particular sets of vectors from general processing (and including them into the specific processing) so
that general processing can be simplified.Both measures result in reduced overall complexity of the
indexing of the input vector.  7 The tailoring may restrict applicability of the specific processing to input
vectors contained in the sets of vectors with the characteristic, i.e. the specific processing may for
instance not be applicable incase of input vectors contained in sets of vectors that are not in the
pre-defined group of sets of vectors. The general processing may not be restricted to application in
case of input vectors contained in sets of vectors of a particular group of sets of vectors only. For
instance, the general processing may be applicable incase of input vectors contained in any set of
vectors of the plurality of sets of vectors, or in case of input vectors contained in any set of vectors of
the plurality of sets of vectors except the sets of vectors of the pre-defined group of sets of vectors.
The latter alternative may allow for optimization of the general processing with respect to input vectors
contained in sets of vectors that are not in the pre-defined group of sets of vectors. 



According to an exemplary embodiment of the first aspect, the general processing, if applied to input
vectors contained in the sets of vectors with the characteristic, would be more complex than the
specific processing applied to the same input vectors. Therein, complexity may for instance relate to
computational complexity and/or storage requirements. According to an exemplary embodiment of the
first aspect, input vectors contained in a set of vectors in the pre-defined group of sets of vectors have
a larger probability of being indexed than input vectors  8 contained in a set of vectors that is not in the
pre-defined group of sets of vectors. With respect to overall complexity, it may then be particularly
useful that the specific processing is less complex than the general processing (when applied to input
vectors contained in the sets of vectors with the characteristic). The probability may depend on the
application the indexing is performed in. The probability may for instance be determined off-line.
According to an exemplary embodiment of the first aspect, the sets of vectors are leader classes, and
each leader class comprises a different leader vector and permutations of the leader vector. The union
of these leader classes then may define a lattice, which may be used as a structured codebook for
quantization, for instance in a speech, audio or video codec, in picture coding, in data compression or
in any other field where quantization is applied. The leader classes maybe signed, and the indexing
may at least yield a position index representative of the positions of values in the input vector and a
sign index representative of the signs of the components of the input vector. Then, in the specific
processing, the position index and the sign index may be jointly determined in one loop. This loop may
for instance cycle through each component of the input vector. In contrast, in the general processing,
the position index and the sign index may be determined only one after the other. The indexing may
also yield a final index that combines the position index and the sign index and that may additionally
be representative of the leader class the input vector is contained in.  9 WO
2009/100768PCTIEP2008/051901 Alternatively, the leader classes may be unsigned. The indexing
then may only yield a position index representative of the positions of values in the input vector. As the
case may be, the indexing may also yield a final index that additionally is representative of the leader
class the input vector is contained in. The characteristic to which the specific processing is adapted
may be that the pre-defined group of leader classes only contains leader classes with leader vectors
the components of which take only a pre-defined number of different values. This pre-defined number
may for instance be two. Adapting the specific processing to this characteristic may be particularly
useful in the context of binomial indexing, since, inter alia, it allows determining the position index and
the sign index jointly in one loop instead of determining them one after the other. Furthermore,
adapting the specific processing to this characteristic may be useful in the context of binomial
indexing, since, inter alia, the indexing procedure then only has to handle the position of one value
(first one) without having to make further preparations for checking the positions of the seCond value
(its position (s) is/are fixed by the fixation of the position(s) of the first value). 



The pre-defined group of leader classes may contain a first sub-group of leader classes with leader
vectors the components of which take only even values, and a second sub-group of leader classes
with leader vectors the components of which take only odd values. The specific processing then may
prescribe different actions in case that  10 the input vector is contained in a leader class of the first
sub-group of leader classes than in a case that the input vector is contained in a leader class of the
second sub-group of leader classes. Alternatively, the characteristic to which the specific processing is
adapted may be that the pre-defined group of leader classes only contains leader classes with leader
vectors the components of which take a maximum number of different values. For instance, the leader
classes in the pre-defined group of leader classes may have four-valued leader vectors. Handling such
leader classes in the specific processing may allow to reduce the complexity of the general
processing, since the general processing may then only cope with leader classes with leader vectors
with three or less different values. This contributes to reducing the overall complexity of indexing of
input vectors. The general processing may be applicable in case of input vectors contained in any set
of vectors of the plurality of sets of vectors except the sets of vectors of the pre-defined group of sets
of vectors to allow an optimization of the general processing. The indexing of the input vector may be
performed in a quantization process that is based on a lattice codebook defined by the leader classes.
According to an exemplary embodiment of the first aspect, the indexing is a binomial indexing. In such
a binomial indexing, indexing is based on the number  11 of possibilities of distributing values on
positions in a vector of a certain dimension. According to a second aspect, a method is disclosed,
comprising determining a target vector contained in a set of vectors of a plurality of sets of vectors
based on an index associated with the target vector. The determining comprises performing, in case
that the target vector is contained in a set of vectors of a pre-defined group of one or more sets of
vectors of the plurality of sets of vectors, a specific processing that is adapted to a characteristic of the
sets of vectors in the pre-defined group of sets of vectors and is only applicable in case of target
vectors contained in sets of vectors with the characteristic. The determining further comprises
performing, in case that the target vector is not contained in a set of vectors of the pre-defined group of
sets of vectors, a general processing. According to the second aspect, further a computer program is
disclosed, comprising instructions operable to cause a processor to determine a target vector
contained in a set of vectors of a plurality of sets of vectors based on an index associated with the
target vector. The determining comprises performing, in case that the target vector is contained in a
set of vectors of a pre-defined group of one or more sets of vectors of the plurality of sets of vectors, a
specific processing that is adapted to a characteristic of the sets of vectors in the pre-defined group of
sets of vectors and is only applicable in case of target vectors contained in sets of vectors with the
characteristic. The determining further comprises performing, in case that the target vector is not
contained 



12 in a set of vectors of the pre-defined group of sets of vectors, a general processing. According to
the second aspect, further a computer-readable medium having such a computer program stored
thereon is disclosed. The computer-readable medium may be any medium that is capable of storing
digital data in electric, magnetic, electro-magnetic or optic form. The medium may be fixedly installed
in a device or may be a removable medium. According to the second aspect, further an apparatus is
disclosed, comprising a processing component configured to determine a target vector contained in a
set of vectors of a plurality of sets of vectors based on an index associated with the target vector. The
processing component is further configured to perform, in case that the target vector to be determined
is contained in a set of vectors of a pre-defined group of one or more sets of vectors of the plurality of
sets of vectors, a specific processing that is adapted to a characteristic of the sets of vectors in the
pre-defined group of sets of vectors and is only applicable in case of target vectors contained in sets of
vectors with the characteristic. The processing component is further configured to perform, in case that
the target vector to be determined is not contained in a set of vectors of the pre-defined group of sets
of vectors, a general processing. According to the second aspect, further an apparatus is disclosed,
comprising means for determining a target vector contained in a set of vectors of a plurality of sets of
vectors based on an index associated  13 with the target vector. The means for determining comprise
means for performing, in case that the target vector is contained in a set of vectors of a pre-defined
group of one or more sets of vectors of the plurality of sets of vectors, a specific processing that is
adapted to a characteristic of the sets of vectors in the pre-defined group of sets of vectors and is only
applicable in case of target vectors contained in sets of vectors with the characteristic. The means for
determining further comprise means for performing, in case that the target vector is not contained in a
set of vectors of the pre-defined group of sets of vectors, a general processing. According to an
exemplary embodiment, the target vector is a vector that is to be determined based on an index
associated with the target vector. The target vector is comprised in a set of vectors, which in turn is
comprised in a plurality of sets of vectors. The plurality of sets of vectors may for instance serve as a
codebook, for instance for a quantization process. In such a quantization process, the target vector
may for instance have been identified as a closest match of all vectors in the plurality of sets of vectors
with respect to a vector that is to be quantized, and may have been assigned an index (i.e. may have
been indexed), for instance as disclosed above with reference to the first aspect of the present
invention. This index may for instance at least partially identify the target vector within a set of vectors.
Additionally, this index may for instance identify the set of vectors the target vector is contained in, and
may furthermore be indicative of the signs of the components of the target vector. Based on this index,
according to the second aspect of the present invention, the  



14 target vector is then recovered. This may require transmission of the index from an entity that
performs the indexing of the target vector to an entity that performs the determining of the target vector
based on the index. To this end, the index may be considered as a signal that is transmitted between
the entities. The indexing may for instance take place during a quantization, and the determining of the
target vector based on the index, which may be considered as a "de-indexing", then may take place
during a de-quantization. According to an exemplary embodiment, depending on the set of vectors the
target vector is contained in, a different processing is performed. If the target vector is contained in a
set of vectors that belongs to the pre-defined group of sets of vectors, a specific processing is applied.
Otherwise, a general processing is applied. The specific processing is adapted to a characteristic of
the set of vectors the target vector is contained in. The specific processing is tailored to the set of
vectors the target vector is contained in under exploitation of the characteristic. This allows to improve
processing and to reduce the overall complexity of the determining of the target vector. For instance,
the structure of the specific processing may be simplified as compared to the general processing. This
measure results in reduced overall complexity. However, the tailoring may restrict applicability of the
specific processing to cases where target vectors are contained in sets of vectors with the
characteristic, i.e. the specific processing may for instance  15 not be applicable in cases where target
vectors are contained in sets of vectors that are not in the pre-defined group of sets of vectors. The
general processing may not be restricted to application in cases where target vectors are contained in
a particular group of sets of vectors only. For instance, the general processing may be applicable in
case of target vectors contained in any set of vectors of the plurality of sets of vectors, or in case of
target vectors contained in any set of vectors of the plurality of sets of vectors except the sets of
vectors of the pre-defined group of sets of vectors. The latter alternative may allow for at least some
optimization of the general processing. According to an exemplary embodiment of the second aspect,
the general processing, if applied in case of target vectors contained in the sets of vectors with the
characteristic, would be more complex than the specific processing applied in case of the same target
vectors. Therein, complexity may for instance relate to computational complexity and/or storage
requirements. According to an exemplary embodiment of the second aspect, target vectors contained
in a set of vectors in the pre-defined group of sets of vectors have a larger probability of being
determined than target vectors contained in a set of vectors that is not in the pre-defined group of sets
of vectors. With respect to overall complexity, it may then be particularly useful that the specific
processing is less complex than the general processing (when applied in case of target vectors
contained in the sets of  16 



vectors with the characteristic). The probability may depend on the application the determining of the
target vector is performed in (e.g. a de-quantization process). The probability may for instance be
determined off-line. According to an exemplary embodiment of the second aspect, the sets of vectors
are leader classes, and each leader class comprises a different leader vector and permutations of the
leader vector. The characteristic to which the specific processing is adapted may for instance be that
the pre-defined group of leader classes only contains leader classes with leader vectors the
components of which take only a pre-defined number of different values. The pre-defined number may
for instance be two. Therein, one of the two different values may for instance be zero. The determining
of the target vector may be performed in a de-quantization process that is based on a lattice codebook
defined by the leader classes. The characteristic to which the specific processing is adapted may
equally well be that the pre-defined group of leader classes only contains leader classes with leader
vectors the components of which take a maximum number of different values. For instance, the leader
classes in the pre-defined group of leader classes may have four-valued leader vectors. Handling such
leader classes in the specific processing may allow to reduce the complexity of the general
processing, since the general processing may then only cope with leader classes with leader vectors
with three or less  17 different values. This contributes to reducing the overall complexity of
de-indexing of input vectors. The general processing may be applicable in case of target vectors
contained in any set of vectors of the plurality of sets of vectors except the sets of vectors of the
pre-defined group of sets of vectors to allow an optimization of the general processing. According to an
exemplary embodiment of the second aspect, the index is associated with the target vector via a
binomial indexing. In such a binomial indexing, indexing is based on the number of possibilities of
distributing values on positions in a vector of a certain dimension. According to a third aspect, a
system is disclosed. The system comprises a first processing component configured to index an input
vector contained in a set of vectors of a plurality of sets of vectors, the first processing component
further being configured to perform, in case that the input vector to be indexed is contained in a set of
vectors of a pre-defined group of one or more sets of vectors of the plurality of sets of vectors, a
specific processing that is adapted to a characteristic of the sets of vectors in the pre-defined group of
sets of vectors and is only applicable in case of input vectors contained insets of vectors with the
characteristic, and the first processing component further being configured to perform, in case that the
input vector to be indexed is not contained in a set of vectors of the pre-defined group of sets of
vectors, a general processing. The system further comprises a second processing  



18 component configured to determine a target vector contained in a set of vectors of the plurality of
sets of vectors based on an index associated with the target vector, the second processing component
further being configured to perform, in case that the target vector to be determined is contained in a
set of vectors of a pre-defined group of one or more sets of vectors of the plurality of sets of vectors, a
specific processing that is adapted to a characteristic of the sets of vectors in the pre-defined group of
sets of vectors and is only applicable incase of target vectors contained in sets of vectors with the
characteristic, and the second processing component further being configured to perform, in case that
the target vector to be determined is not contained in a set of vectors of the pre-defined group of sets
of vectors, a general processing. For the system according to the third aspect, the above description of
the features and advantages of the first and second aspects of the present invention applies
accordingly. The second processing component may for instance determine a target vector that is
associated with an index that has been assigned to an input vector during indexing of the input vector
by the first processing component, so that the input vector and the target vector are equal. The index
may for instance be transferred between the first and second processing components. The first and
second processing components may for instance be comprised in two different devices, wherein in the
device that comprises the first processing component, an input  19 vector is indexed, and wherein in
the device that comprises the second processing component, a target vector that is associated with
the index determined by the first processing component is determined. Equally well, the first and
second processing components may be comprised in the same device, and may for instance be used
for quantization and de-quantization, respectively. These and other aspects of the disclosure will be
apparent from and elucidated with reference to the detailed description presented hereinafter. The
features of the present disclosure and of its exemplary embodiments as presented above are
understood to be disclosed also in all possible combinations with each other. BRIEF DESCRIPTION
OF THE FIGURES In the figures show:  A schematic block diagram of the G.EV-VBR encoder; 



a flowchart of a method for indexing an input vector according to an exemplary embodiment of the first
aspect of the present invention; a flowchart of a method for detetmining a target vector based on an
index associated with the target vector according to an exemplary embodiment of the second aspect of
the present invention; and  Fig. 4:a schematic block diagram of a device capable of
implementingthemethods according to the first and second aspect of the present invention. DETAILED
DESCRIPTION OF THE INVENTION  In the following detailed description of the present invention,
exemplary embodiments of the present invention will be described in the context of indexing and
de-indexing of lattice points in the context of the lattice guantizer proposed for the G.EV-VBR codec or
its derivatives. The present invention is however not limited to this codec, to this particular lattice
guantizer, or to indexing/de-indexing of lattice structures; it may equally well be applied in all other
scenarios where indexing and de-indexing of vectors is required. The G.EV-VBR codec is under
standardization process in ITU-T 5016/Q9. It is a speech and audio embedded scalable coded for
wideband signals having coding hitrates of 8, 12, 16, 24, and 32 kbits/s. Fig. 1 is a schematic block
diagram of the G.EV-VBR encoder 1. The first two layers are based on Code Excited Linear Prediction
(CELP) and denoted as "core codec" (see core codec unit 101). The remaining layers are obtained
through the encoding of the Modified Discrete Cosine Transform. (MDCT) coefficients (see MDCT unit
104) of the difference signal 103 between the original signal 100 and the core codec synthesized
signal, wherein the difference signal is obtained from adder 102. The quantization of the MDCT
coefficients (for the layer corresponding to the bitrate 24 kbit/s) is using a quantizer 105 based on
leader classes obtained from leader classes from  the lattice 2RE8 which is a rotated version of the
lattice E8 scaled with the factor 2. The first two layers are then combined with the remaining layers in
bitstream generation unit 106. The lattices generally used in quantization can be represented as
unions of leader classes. As a consequence, quantization structures based on lattices can be
described as unions of leader classes. 



A leader vector is an n-d .ensional integer vector, Whose components are ordered (e.g. decreasingly):
where v1> v,e N. There are 777 values v1. The leader class corresponding to the leader vector
consists of the vectors obtained through all the signed permutations of the leader class with some
possible restrictions. The restrictions, when they apply, are related to the number of negative vector
components which could be odd or even. The number of vectors in the leader class is C(v)=2 m-IP1
171 nitn,!...n,n! (1)  where p is the parity which can be 0 (no sign constraints), +1 (even number of
negative components), or -1 (odd number of negative components).  To exemplify the binomial
indexing, consider the 4-dimensional leader vector (2,1,1,0), We consider here the permutations
without taking into account the sign. The vectors that belong to the leader class of (2,1,1,0) are given
in Table 1 below, wherein two different indexing variants are presented: IndexVariant I 



Variant 2 02,1,1,0 2,1,1,0 1,2,1,0 2,1,0,1 21,1,2,0 2,0,1,1 31,1,0,2 1,2,1,0 2,1,0,1 1,2,0,1 51,2,0,1
0,2,1,1 



61,0,2,1 1,1,2,0 71,0,1,2 1,0,2,1 82,0,1,1 0,1,2,1 90,2,1,1 1,1,0,2 100,1,2,1 1,0,1,2 110,1,1,2 0,1,1,2  



Table 1: Leader Class for Leader Vector (2,1,1,0) With respect to the first variant of Table 1, it can be
seen that in the first group (with indices 0-3, i.e. the first four vectors, indicated by the horizontal line)
the relative position of the values 1 and 0 is the same, but the position of the value 2 is changing from
one vector to another. The same happens in the second group (with indices 4-7) and so on. The
difference between the first and second group resides on how the components having value 1 are
situated on the three  positions that are available after deciding the position for the component having
the value 2. The number of possible arrangements of these two values onto three positions is given by
the binomial  coefficient \2 =3. There are thus three groups in the first variant, wherein in each group,
only the '''n position of the value 2 is changed, so that there are=4 vectors in each of the three groups.
It can thus be concluded that one way to enumerate the vectors in a leader class is to consider the
different values in the vector, one at a time, and check their possible positions. For the considered
example (variant 1), the possible positions of the value 2 are considered first, then out of the remaining
3 positions, the Positions of the components having the value 1 are considered. The positions of the
component having value 0 is dependent on the position of the first two values (because is the last
value), so it does not need to be considered separately. Variant 2 in Table 1 follows a similar
approach. However, the position of the value 2 is not changed within a group, but across groups.
Accordingly, there are now four groups (with indices 0-2, 3-5, 6-8 and 9-11, respectively). In each of
these groups, the three vectors differ in the arrangement of the value I, which is present two times,
onto the three (3\, available positions, p.p. 2 =3. 



leader vectors defined therein are reproduced in Table 2 below (these leader vectors may differ from
the standardized leader vectors by a scaling factor). The dimension of the leader vectors (and thus the
lattice) is eight, and there are a total of 36 leader vectors. Therein, the leader vectors with odd-valued
components have sign constraints. In particular, if the sum of the absolute values of all eight
components is a multiple of four, the number of negative components should be even, otherwise, it
should be odd. For instance, the leader vector with index 0 (1,1,1,1,1,1,1,1) has sum 8, which is a
multiple of four, therefore there should be an even number of -1's in the vectors from the leader class
corresponding to it. The leader vector with index 3 (3,1,1,1,1,1,1,1) has sum 10, which is not a multiple
of 4, therefore the number of negative components should be odd. Idx. Leader Vector I Idx. ILeader
Vector 0 {1,1,1,1,1,1,1,1} 18 If4,4,4,0,0,0,0,01  (2,2,0,0,0,0,0,01 



19 2,2,2,0,0,0,01 2 -22,0,0,0,01 20 {6,4,2,0,0"0,01  (3,1,1,1,1,1,1 21 47,1,1,1,1,1,11  (4,0,0,0,0,0,0,0)
22 



8,0,0,0,0,0,0,01  (2,2,2,2,2,2,0,0) 23 6,6,0,0,0,0,0,01 6 {3,3,1,1,1,1,1,1} 24 5,0,0,0,0,01
{4,2,2,0,0,0,0,0} 25 H8,4,0,0,0,0,0,01 



8 {2,2,2,2,2,2,2,2) 26 1,1,1,1 ,1,1,11 9 (3,3,3,1" 27 !(10,2,0,0,0,0,0,01 10 (4,2,2,2,2,0,0,0)128
If8,8,0,0,0,0,0,01 i 11 



(4,4,0,0,0,0,0,0)29 ' (10,6,0,0,0,0,0,01 12 (5,1,1,1,1"p)130 H12,0,0,0,0,0,0,01  T3,3,3,3,1,1,1,1}31
{12,4,0,0,0,0,0,01   14 (4,2,2,2,2,2,2,0) 



32 f10,10,0,0,0,0,0,01 15 (4,4,2,2,0,0,0,0) 33 H14,2,0,0,0,0,0,01 16 (5,3,1,1,1,1,14) 34 ,8,0,0,0,0,0,0)
17 (6,2,0,0,0,0,0,0) 35416.0,0,0,0,0,0,01 



Table 2: Leader Vectors in the G EV-WM Codec The binomial indexing procedure for a vector
belonging to a leader class can be described by the following exemplary general indexing code, written
in ANSI-C using (for the simulation of a generic Digital Signal Processor (DSP), e.g. functions sub(),
add(), L_mult0(), movel6()) the fixed point library provided by the ITU G.191 ITU-T Software Tool
Library 2005 User's Manual. Therein, comments to the code are provided behind a double forward
slash "//" or between the "/*" and "/" signs. This indexing code is general, i.e. it is applicable to input
vectors contained in any leader class of Table 2. pi = DIM;movel6(); index - 0;movel6(); i = 0; movel6();
trap = sub(no_valsiidx_lead1,1); //trap = no_vais[idx_lead]-1; WHILE(tmp>0) tmp = sub(tmp,1); // tmp
--; IF ( tmp > find_pos_elim_fx(abs_cv,DIM,valsiidx_lead][i],p); idx =
c2idx_fx(pi,p,no_vals_indiidx_lead][1]);  pi - sub(pi,no_vals_indiidx_lead][i]); 



// pi = pi-no vals ind [idx lead][i]; _ q = number fx(sub(no vals [idx lead], add(1,i)),&no vals ind [idx
lead][111],pi); _ _ index = add(index, extract_1(L_mult0(idx, q))); // index - index + idx*q; i= add(i,1);// i
++ 1 ELSE{ find pos_fx(abs cv,DIM,valsiidx_lead][i],p); idx = c2idx_fx(pi,p,no_vals_ind_didx_lead][1]);
index = add(index, idx); // index = index + idx; In this indexing code, the variables and
functions/procedures have the following meaning: 



DIM is the lattice dimension, i.e. 8. The variable int no vals [361 stores the number of different values
for each leader vector. The variable int no_vals_ind [36] [4] stores the number of each individual value
in each leader vector. The variable int vals_[36][4] stores the values that belong to each leader vector.
The variable int idx lead represents the index of the leader class the input vector to be indexed
belongs to. The variable int abs_cv[8] keeps the absolute values of the input vector to be indexed. The
function find_hos_elim_fx (int * abs_cv, int dim, int val, int * p) finds the positions of the components
having the value val within the dim-dimensional vector  of absolute values abs_cv, puts them in the
array p, and eliminates them from the vector abs_cv, to prepare it for the search of the next value. The
function find_pos_fx (int * abs_cv, int dim, int val, int * p) is the same as find_pos_elim_fx without
eliminating the components. This function is called for the next to last value in the leader vector
because there is no further search for the last value, therefore there is no need to eliminate the
component having the next to last. value. The function int c2idx_fx(int dim, intint no_vals) assigns an
index components into For instance: to the positioning of no_vals a total of dim possible components. 



(xx 0 0) index 0 (x0 x 0) index 1 (x0 0 x) 



index 2 (0x x 0) index 3 (0x 0 x) index 4 (00 x x) 



index 5,  where no_vals - 2, DIM =4 and the position of two "x"-es on four possible positions are
indexed. The function int number_fx(int no_vals, mt no_vals_ind_, int dim) counts the number of
vectors obtained through the non-signed permutations of a dim-dimensional vector having no_vals
number of values, each having the number of occurrences in the array no vals ind . It corresponds to
the formula. from Eq. (1) _ _ without the factor 2' 1P1.  again the exemplary leader class of variant 2 of
Table 1. The leader vector in this example is (2,1,1,0), and it is assumed that the leader class is
associated with idx_lead=5, although it is not of importance for the example. Furthermore, assume that
the input vector to be indexed is (1,0,2,1), i.e. the dimension of the example is smaller than in the
exemplary lattice quantizer in Table 2, which. uses 8-dimensional vectors. Due to the generality of the
above indexing code, this does however not matter. The variables in the indexing code above are then
initialized to the following values: abs cv=(1,0,2,1)// Input vector to be indexed // in leader class 5 



DIM=4// no vals[5]=3// Four-dimensional vectors three different values in target // vector, i e. a
three-valued target // vector  novalsind[5]=(1,2,1) __ // 



the three different values  // occur one time, two times, and  // one time in the input vector,  // 



respectively   vals[51=(2,1,0) // the three different values in  // // the 0, 



input vector respectively are2,1 and  The indexing code above then produces the following results (at
the end of each while-iteration):     abs cvlidx i pi g 



index 0 (2) (1,0)12 I 3 3 6  (0,2) (0)1 1 1 



7  As a final result of the indexing of input vector (1,0,2,1) that is contained in leader class idx lead=5
shown as variant 2 in Table 1 above, the (position) index 7 is thus obtained, which in fact corresponds
to vector (1,0,2,1) in leader class 5. Returning to the general indexing code presented above, in
addition to the position index that is representative of the positions of values in the input vector, the
information related to the sign of the non-zero values in the input vector should be encoded. The index
for the sign is calculated as: idx _sign21 , where S is the number of non-zero components in the vector
to be indexed, k is 0 if the i-th non-zero component is positive and 1 otherwise. The value of S is the
same for all the vectors in a leader class. The final index I (comprising both position and sign index
information as well as information representative of the leader class the input vector is contained in) is
then calculated as: I = sal(index, idx_smax bit[idx lead]);    // I = index<<idx_sign_max_bit[idx_lead]; - L
add(i, I, deposit 1(idx_sign)); _  // I = I+idx_sign; 



I = extract_1(L_add(I, offset_leadjidx_lead])); // I = I + offset_lead[idx_lead]; Therein, the variables
used have the following meaning:  int idx sign max bit[36] is a variable storing the _ _ number of bits
on which the sign index is represented. It actually corresponds to the number of non-zero values in the
vector if the parity is zero, or to the number of non-zero values-1 if the parity is +/-1.  uint
offset_lead[36+1] represents the leader offset for each leader class. It actually means that if there are
ni vectors in the first leader class, n2 in the second and so on, the offset lead will be: 0, ni, ni+n2, ... In
this way, information representative of the leader class the input vector is contained in can be included
into the final index I.  The final index i is obtained by actually putting the idx_sign on the last
idx_sig,n_max_bits [] bits of the shifted index (i.e concatenating the position index bits and idx_sign
bits, while knowing that idx_sign can use idx_sign_max_bits at most, and adding the offset for the
leader class to which the current vector to be indexed. belongs. The first aspect of the present
invention proposes to reduce the complexity of the above-described general indexing by applying
specific processing if an input vector to be indexed is contained in a leader class that belongs to a
pre-defined group of leader classes, and by applying general processing otherwise.  Fig. 2 is a
flowchart 2 illustrating a method for indexing of an input vector according to an exemplary embodiment
of the first aspect of the present invention. In a first step 200, an input vector is received. The input
vector may for instance be determined during a quantization process, for instance as closest match to
all. vectors in a lattice that is a union of leader classes. An identification of the leader class in which the
input vector is contained is also received in step 200. This may for instance be an index for the leader
class, or the leader vector of the leader class the input vector is contained in, to name but a few
examples. In a step 201, it is then determined if the leader class is contained in a pre-defined group of
one or more leader classes. If this is the case, a specific processing is applied in step 202. Otherwise,
a general processing is applied in a step 203. Examples for the pre-defined group of leader classes
and for the specific processing applied when indexing input vectors that are contained in leader
classes of such a pre-defined group of leader classes will now be discussed in more detail. According
to a first exemplary embodiment of the first aspect of the present invention, only the leader class that is
associated with the leader vector with index 20 (see Table 2), i.e. (6,4,2,0,0,0,0,0), is subjected to a
specific processing. Thus the pre-defined group of leader classes only contains one leader class,
identified by index 20. 



In particular, the call of the function number_fx() in the general indexing code described above may be
replaced by the following code: IF (sub(idx_lead,20)==0)// if (idx lead == 20) = 42;move16();
(sub(tmp,1) ==0 ){// if (tmp == 1) q = 6;movel6(); SE {  q = C[sub(pi,1)][(no vals ind [idx lead][add(i,1)])];
movel6(); // q = C[pi-1] [no_vals_ind_[idx_lead] [i ]]; Therein, the variable C[DIM+1] [DIM +l] stores the
binomial coefficients up to dimension 8. In this embodiment, the specific processing is represented by
the code that is executed in case that idx lead equals 20, and the general processing is represented by
the code that is executed if idx_lead does not equal 20. In the context of this embodiment, the
inventors have observed that the leader class with index 20 is the single leader having 4 different
values. The leader vector with index 20, being the only one with four different values, forces the table
no vals ind to be of dimension 36 x 4 (36 leader classes and _ _ 



a maximum number of four different values per leader class), i.e. no vals ind [idx lead] [i] is only
different from zero _ _  33 WO 2009/100768PCT/EP2008/051901 for idx lead=20 and i=3 (i ranges
from 0 to 3). However, in the general indexing code presented above, the only reference to this
non-zero value of no vals ind occurs for idx lead=20 _ _ in function number fx(). It is thus instructive to
split the function number_fx() into a specific processing (for the leader class with leader vector index
20) and a general processing (for the remaining leader classes), wherein in the general processing,
now only reference to a table no vals ind with dimensions 36 x 3 is required. The _ _ introduction of the
specific processing thus allows to optimize the general processing. In the context of a second
exemplary embodiment of the first aspect of the present invention, the inventors have observed that in
some practical use cases a small subset of the leader classes are occurring more frequently than the
other ones. For example for the data that is quantized with the lattice guantizer within the G.EV-VER
codec with the lattice 



structure that is built on the leader vectors of Table 2, the leader vector with index l, i.e.
(2,2,0,0,0,0,0,0), is most likely to be used and, generally, the vectors for which the leader vector has
two different values (e.g. the leader vectors with indices 1, 2, 3, 4, 5, 6, 9, etc.) are more likely to be
used than the other vectors. Theyconcludedthat it would be reasonable to think of a method of
indexing for which the complexity is smaller particularly- for these vectors. For the calculation of the
index for the sign, there is need for a loop to check the sign of each vector component. It is less
complex to consider separately/specifically the leader vectors having only two different values,
because the indexing procedure handles the position of only one value   (first one) without having to
make further preparations for checking the positions of following values. In addition, most of the leader
vectors with two values only, have one zero value (see for instance the leader vectors with index 1, 2,
4 etc. in Table 2), so the creation of the position index can be efficiently coupled with the creation of
the sign index in the same loop. There are two types of leaders with two values, one type having even
values only (see for instance the leader vectors with indices 1, 2, 4, 5 etc. in Table 2) and the other
having odd values only (see indices 3, 6, 9 etc.). For the first type, most of the components have the
value 0, while for the second type, most of the components have the value 1. For example, the
following specific procedure can be used to replace the entire general indexing code described above
to process the two-valued vectors with even components. idx sign = 0;movel6(); index = 0;/* used as
cnt */ movel6(); FOR (i=0; <DIM; q = cv[movel6(); logic16(); if(g) 



p[index] =movel6(); // for position index if(q<0) tmo = sh1(1,index);// for sign index  25 WO
2009/100768PCT/EP2008/051901 (g<0){ idx sign = add('dx_ssgn, tmp); // for sign index (g){ index =
ad.d(index,1); index - c2idx fx(DIM,p,index); // position index In a similar manner, the second type
(two-valued vectors with odd values) can be treated separately- using for example the following
procedure: 



idx_sign = 0;movel6(); index - 0; movel6(); FOR(i=0;i<DIM;i++) { cv[i];movel6(); if (g <0) tmp = sh1(1,i);
if (g<0)        idx sign = add(idx_s gn,tmp); if (g<0)( = sub(0,g); tmp = sub(g,1); if (tmP)  



p[index] = 1; movel6(); if(tmp){ index = add(index,1); 1 idx_sign = shl(idx_sign,1); // due to non-zero
parity index = c2idx fx(DIM,p,index); In this second exemplary embodiment of the first aspect of the
present invention, the pre-defined group of leader classes thus comprises all leader classes with only
two-valued leader vectors (i.e. leader classes with leader vector indices 1, 2, 3, 4, 5, 6, 9, etc.). The
specific processing is represented by the two code segments specifying the processing for the
two-valued leader vectors with even and odd components, respectively-, and the general processing is
represented by the general indexing code that is applied for all other leader classes (e.g. leader
classes with leader vector indices 0, 7, 8, 10, etc. in Table 2). Therein, it is to be noted that the
pre-defined group is split into two sub-groups here, a first sub-group with two-valued leader vectors
with even components, and a second sub-group with two-valued leader vectors with odd components,
and that for each of these sub-groups, different actions are performed in the specific processing. As a
first modification of the second exemplary embodiment of the first aspect of the present invention, it
would also be possible to dispense with the specific processing for the two-valued leader vectors with
odd components (e.g. indices  37 WO 2009/100768PCT/EP2008/051901 3, 6, 9 etc.), and to perform
the general indexing code instead. The pre-defined group of leader classes then would only contain
the leader classes with two-valued leader vectors with even components. Alternatively, the specific
processing for the two-valued leader vectors with even components could be dispensed with. As a
second modification of the second exemplary embodiment of the first aspect of the present invention, it
would also be possible to restrict the specific processing to the determining of the position index
("index") only, or to the determining of the sign index ("idx_sign") only. This modification could of
course also be applied to the first modification of the second exemplary embodiment of the first aspect
of the present invention. The first aspect of the present invention is directed to indexing of an input
vector, which is for instance required during quantization. The second aspect of the present invention,
which will be described in the following, is directed to de-indexing, i.e. to determining (or recovering) a
target vector based on an index associated with the target vector. 



A binomial de-indexing procedure for a target vector belonging to a leader class as defined by Table 2
can he described by the following exemplary general de-indexing code. This de-indexing code is
general, i.e. it is applicable to target vectors contained in any leader class of Table 2. The variables
and functions used in this de-indexing code correspond to the ones used in the general indexing code
presented in the context of the first aspect of the present  38 WO 2009/100768PCT/EP2008/051901
invention above. The de-indexing procedure receives the variable idx_lead, which identifies the leader
class, and the variable index _loo, which identifies the position index (which is representative of the
positions of values in the target vector), as an input, and determines the target vector ov as an output.
Therein, the sign of the target vector is not considered, it may be recovered in a separate procedure.
FOR(j=0;j<DIM;j++)1  cv[j] = vals_[idx lead][sub(no_vals [idx lead], 1)]; movel6(); /* put by default the
last value */ occ_pos[j] = 0;movel6(); / no Places old = DIM; _r movel6();  FOR =0;
i<sub(no_valsjidx_lead],1);i++) no vals crt - no vals [idx lead];
no_places=sub(no_places_old,no_vals_indjidx_lead][,] ; 



tmp =add(2,1)); IF (tmp>0)f quotient = number fx(sub(no_vals_crt, add(1,i)), &no_vals_ind[idx_lead][i],
no_places); idx = div int(index, quotient, &index loc); /* integer division: index_loc/guotient = idx,
reminder index loo */ /*p isa table with the positions of the value vals ] out of no places available
positions */  39 WO 2009/100768PCT/EP2008/051901 idx2c_fx(no_places_o1d, p, no vals ind [idx
lead][1],idx); _ _ no_places_old = no places;movel6(); 



/* put the i-th value in the codevectof */ IF (i==0) FOR( =0;j<no_vals ind[idx_1ead][1];j++) pos =
pmovel6(); cv[pos] = vais [idx lead][1];movel6(); occ_posiposi = 1;move16(); }ELSE{ FOR(j=0;
1<no_vals_ind[ x lead][1];Y') pos = offset[p[j]];movel6(); movel6(); cv[pos] = valsiidx_lead][1];move16();
occ_pos[pos] - 1;movel6(); /* update offset */ 1=0; FOR( j=0; j<DIM; j++ ) IF (ccc )pos[j]==0) { 



offset [1]=j; 1 = add(1,1); movel6(); move16();  ELSE{  idx2c fx(no places old, ___ no vals ind [idx lead]
[i],index loc); __ ___ /* put the next to last-th value in the codevector * FOR ( =0; i<no_vals_ind
[idx_lead] [i] ; j++) pos = offset[p[j]];movel6(); move16(); 



cv[pd= vals [idx_lead][1];move16(); Therein, the function idx2c_fx(int dim,int no_vals, int index_loc) is
complementary to function c2idx fx discussed above and returns the positioning p of no_vals
components in a dim-dimensional vector as prescribed by index_loc. Furthermore, variable int
occ_pos[8] keeps track of the positions on which the components of the already decoded values have
been put. The variable int offset[8] is used to find out the real position of the values, because if, for
instance one value has been already placed on a 8-dimensional vector, the position index for the
following value is relative to seven positions only. E.g. for 4-dimensional leader (2 1 1 0), if when
decoding the position of the value 2 gives (x 2 x x) and the position index for the value 1 is 0, this
corresponds to positions (0,1) for the two values one, but the ones will be actually put on the positions
(0,2) because the first value, 2, is already on position. 1.  Fig. 3 is a flowchart 3 illustrating a method
for determining a target vector based on an index associated with the target vector according to an
exemplary embodiment of the second aspect of the present invention. This method may for instance
be performed during a d-guantization process. In a first step 300, an index associated with a. target
vector that is to be determined is received. The index may for instance be an index that selects a
vector from the vectors of a leader class, wherein the vectors in the leader class may for instance be
binomially indexed. In addition to the index, an identification of the leader class in which the target
vector is contained is received. This is however optional, since the identification of the leader class in
which the target vector is contained may equally well be contained in the index associated with the
target vector. The index and the identification of the leader class received in step 300 may for instance
he obtained from an index that contains all of the following information: an identification of the leader
class, information on which vector in the leader class shall be determined as target vector, and sign
information for the target vector. The target vector that is to be determined in the flowchart 3 of Fig. 3
may for instance have been selected as a closest match to all vectors in a lattice during a quantization
process. In a step 301, it is then determined if the leader class is contained in a pre-defined group of
one or more leader classes. If this is the case, a specific processing is applied  in step 302. Otherwise,
a general processing islied in 



a step 303. Examples for the pre-defined group of leader classes and for the specific processing
applied when de-indexing target vectors that are contained in leader classes of such a pre-defined
group of leader classes will now be discussed in more detail. According to a first exemplary
embodiment of the second aspect of the present invention, only the leader class that is associated with
the leader vector with index 20 (see Table 2), i.e. 16,4,2,0,0,0,0,0), is subjected to a specific
processing. Thus the pre-defined group of leader classes only contains one leader class, identified by
index 20. In particular, the first FOR-loop (above the horizontal dashed line) of the above-presented
general de-indexing code then may be replaced by the following code: FOR(j=0;j<DIM;j++)( if (sub(idx
lead,20)==0){ cv[j] - 0;movel6(); (sub(idx lead, 20)) cv[j] = vals_ idx lead][sub(no vals [idx lead], 1)
movel6(); 1 occ_pos[j] = 0;movel6();  43 



WO 2009/100768PCT/EP2008/051901 Furthermore, the call of the function number_fx() in the general
de-indexing code may then be replaced by the following code: IF (sub(idx_lead, 20)==0) { quotient =
42; movel6(); if (sub(tmp,1) ==0){ quotient - 6;movel6(); 1 ELSE{ quotient -- C[sulf(no_places,1)][
(no_vals_nd_[idx_lead] [add movel6(); Therein, as already explained above, the variable
C[DIM+1][DIM+1] stores the binomial coefficients up to dimension 8. In this embodiment, the specific
processing is represented by the code that is executed in case that idx_lead equals 20, and the
general processing is represented by the code that is executed if idx lead does not equal 20. 



In the context of this embodiment, the inventors have observed that the leader class with index 20 is
the single leader having 4 different values. The leader vector with index 20, being the only one with
four different values, forces both the table no vals ind and the table vals to be of dimension 36 x 4 _ _
(36 leader classes and a maximum number of four different  44 WO 2009/100768PCT/EP2008/051901
valuesperleaderclass), i.e. no_vals_indjidx_leadj[i] and vals[idx_lead][i] exist only for idx_lead=20 and
i=3 (i ranges from0 to 3). However, in the general de-indexing code presented above, the only
reference to the respective values of no vals indx and vals occurs for idx lead=20 in the portions of the
general de-indexing code that have been replaced by the specific code. Then, in the remainder of the
general de-indexing code, now only reference to tables no vals ind and vals with dimensions 36 x 3 is
required. _ _ The introduction of the specific processing thus allows to optimize the general
processing. According to a second exemplary embodiment of the second aspect of the present
invention, the pre-defined group of leader classes only contains the leader class with the leader class
vector with index I (see Table 2), i.e. (2,2,0,0,0,0,0,0). Instead of always performing a general
de-indexing, i.e. a de-indexing that is applicable in case of target vectors contained in any leader class
(and that has been presented with reference to the general de-indexing code above), for example the
following specific processing maybe performed in case of a target vector that is contained in the leader
class with the leader class vector with index 1, and the general processing is only performed
otherwise. Note that, as in the general de-indexing code presented above, the following specific
processing only yields the unsigned target vector cv. FOR(i=0;i<DIM;i++) cv[ ] = 0;movel6(); 



45 WO 2009/100768PCT/EP2008/051901 idx2c_fx(DIM, p, 2,index_loc); FOR(i=0;i<2;i+e) { cv[p11=2;
movel6();movel6(); In the G.EV.VBR codec (i.e. for the codebook based on the leader vectors defined
in Table 2) and speech and music data at bitrates of 16, 24 and 32kbits/s) the leader vector
(2,2,0,0,0,0,0,0) is by far the most probable, so that applying a specific processing to its leader class
reduces the overall complexity of the de-indexing procedure. Fig. 4 is a schematic block diagram of a
device 4 that is capable of implementing the methods according to the first and second aspect of the
present invention. This device may for instance be a mobile phone, a computer, or any other electronic
device. The device comprises a Central Processing Unit (CPU) 400, which has access to a program
memory 401 and a memory 402. The CPU 400 may for instance execute a computer program that is
stored in program memory 401. Therein, program memory 401 may he fixedly installed in device 4, or
be removable. For instance, the program memory 401 may he embodied as a computer-readable
medium that has the computer program stored thereon. Memory 402 may for instance be embodied as
Random Access Memory (RAM). Program memory 401 and memory 402 may equally well be
embodied as a single component. CPU 400 further controls a microphone driver, which in turn controls
a microphone, a speaker driver 403, which in turn controls a speaker, and an interface 405, via which
data can  



be exchanged with other devices. The interface 405 may for instance be embodied as a radio
interface. Device 4 thus comprises all components required to establish a audio-based communication
with another entity. Audio signals received via microphone driver 404 can be encoded by the CPU 400
and sent via. interface 405 to another device. Equally well, audio data from other devices can be
received via interface 405, decoded by CPU 400, and rendered via speaker driver 403. Therein, to
perform encoding and decoding, CPU 400 of device 4 runs a codec, for instance the G.EV-VER
codec. This codec may for instance be embodied as computer program that is stored in program
memory 401. In this way, device 4 may for instance implement the structural blocks 101, 104, 105 and
106 of Fig. 1. CPU 400 may be understood as a processing component that performs indexing of input
vectors (according to the flowchart of Fig. 2) and/or determining of a target vector based on an index
associated with the target vector (according to the flowchart of Fig. 3) and, to this end, performs
specific and general processing according to the first and second aspect of the present invention.
Equally well, the codec, or Parts thereof, may be implemented in dedicated hardware 406 (e.g. a
Digital Signal Processor (DSP), a Field Programmable Gate Array (FPGA), an Application Specific
Integrated Circuit (ASIC), or any other dedicated hardware), and then the dedicated hardware 406
may be understood as a processing component that performs indexing of input vectors and/or
determining of a target vector based on an index associated  47 WO
2009/100768PCT/EP2008/051901 with the target vector and, to this end, performs specific and
general processing according to the first and second aspect of the present invention. The program
code executed by CPU 400 can also be viewed as comprising such processing components in the
form of functional modules. The invention has been described above by means of exemplary
embodiments. It should be noted that there are alternative ways and variations which are obvious to a
skilled person in the art and can be implemented without deviating from the scope and spirit of the
appended claims.  WO 2009/100768PCT/EP2008/051901 48 



CLAIMS   1.A method, coMprising:  indexing an input vector contained in a set of vectors  of a plurality
of sets of vectors, wherein said indexing comprises:  performing, in case that said input vector is
contained in a set of vectors of a pre-defined group of one or more sets of vectors of said plurality of
sets of veetors, a specific processing that is adapted to a characteristic of said sets of vectors in said
pre-defined group of sets of vectors and is only applicable in case of input vectors contained in sets of
vectors with said characteristic, and  performing, in case that said input vector is not contained in a set
of vectors of said pre-defined group of sets of vectors, a general processing. 2.The method according
to claim 1, wherein said sets of vectors are leader classes, and wherein each leader class comprises a
different leader vector and permutations of said leader vector. The method according to claim 2,
wherein said leader classes are signed, and wherein said indexing yields a position index
representative of the positions of values in said input vector and a sign index representative of the
signs of the components of said input vector. 



WO 2009100768PCT/EP2008/051901 49 The method according to claim 3, wherein in said specific
processing, said position index and said sign index are jointly determined in one loop. 5. The method
according to any of the claims 2-4, wherein said characteristic to which said specific processing is
adapted is that said pre-defined group of leader classes only contains leader classes with leader
vectors the components of which take only a pre-defined number of different values. 6. The method
according to claim 5, wherein said pre-defined group of leader classes contains a first sub-group of
leader classes with leader vectors the components of which take only even values, and a second
sub-group of leader classes with leader vectors the components of which take only odd values, and
where said specific processing prescribes different actions in case that said input vector is contained in
a leader class of said first sub-group of leader classes than in a case that said input vector is
contained in a leader class of said second sub-group of leader classes. The method according to any
of the claims 1-6, wherein input vectors contained in a set of vectors in said pre-defined group of sets
of vectors have a larger probability of being indexed than input vectors contained in a set of vectors
that is not in said pre-defined group of sets of vectors.  WO 2009/100768PCT/EP2008/051901 50
contained in said sets of vectors with said characteristic, would be more complex than said spedi
processing applied to the same input vectors. 0The method according to any of the claims 2-3,
wherein said characteristic to which said specific processing is adapted is that said pre-defined group
of leader classes only contains leader classes with leader vectors the components of which take a
maximum number of different values. 



10. The method according to any of the claims 1-3 and 9, wherein said general processing is
applicable in case of input vectors contained in any set of vectors of said plurality of sets of vectors
except said sets of vectors of said pre-defined group of sets of vectors to allow an optimization of said
general processing. 11. The method according to any of the claims 1-10, wherein said indexing is a
binomial indexing. 12. The method according to any of the claims 2-11, wherein said indexing of said
input vector is performed in a quantization process that is based on a lattice codebook defined by said
leader classes. 13. A computer-readable medium having a computer program stored thereon, the
computer program comprising: instructions operable to cause a processor to index an input vector
contained in a set of vectors of a plurality of sets of vectors, wherein said indexing comprises
performing, in case that said input vector is contained  WO 2009/100768PCT/EP2008/051901 51 in a
set of vectors of a pre-defined group of one or more sets of vectors of said plurality of sets of vectors,
a specific processing that is adapted to a characteristic of said sets of vectors in said pre-defined
group of sets of vectors and is only applicable in case of input vectors contained in sets of vectors with
said characteristic, and performing, in case that said input vector is not contained in a set of vectors of
said pre-defined group of sets Of vectors, a general processing. A computer program, comprising:
instructions operable to cause a processor to index an input vector contained in a set of vectors of
aplurality of sets of vectors, wherein said indexing comprises performing, in case that said input vector
is contained in a set of vectors of a pre-defined group of one or more sets of vectors of said plurality of
sets of vectors, a specific processing that is adapted to a characteristic of said sets of vectors in said
pre-defined group of sets of vectors and is only applicable in case of input vectors contained in sets of
vectors with said characteristic, and performing, in case that said input vector is not contained in a set
of vectors of said pre-defined group of sets of vectors, a general processing. 15. An apparatus,
comprising: 



a processing component configured to index an input vector contained in a set of vectors of a plurality
of sets of vectors, said processing component further being configured to perform, in case that said
input vector  WO 2009/100768PCT/EP2008/051901 52 to be indexed is contained in a set of vectors
of a pre-defined group of one or more sets of vectors of said plurality of sets of vectors, a specific
processing that is adapted to a characteristic of said sets of vectors in said pre-defined group of sets of
vectors and is only applicable in case of input vectors contained in sets of vectors with said
characteristic, and said processing component further being configured to perform, in case that said
input vector to be indexed is not contained in a set of vectors of said pre-defined group of sets of
vectors, a general processing. 16. The apparatus according to claim 15, wherein said sets of vectors
are leader classes, and wherein each leader class comprises a different leader vector and
permutations of said leader vector. 17. The apparatuS according to claim 16, wherein said leader
classes are signed, and wherein said indexing yields a position index representative of the positions of
values in said input vector and a sign index representative of the signs of the components of said input
vector. 18. The apparatus according to claim 17, wherein in said specific processing, said position
index and said sign index are jointly determined in one loop. 19. The apparatus according to any of the
claims 16-18, wherein said characteristic to which said specific processing is adapted is that said
pre-defined group of leader classes only contains leader classes with leader  WO
2009/100768PCT/EP2008/051901 53 vectors the components of which take only a pre-defined
number of different values. 



20The apparatus according to claim 19, wherein said pre-defined group of leader classes contains a
first sub-group of leader classes with leader vectors the components of which take only even values,
and a second sub-group of leader classes with leader vectors the components of which take only odd
values, and where said specific processing prescribes different actions in case that said input vector is
contained in a leader class of said first sub-group of leader classes than in a case that said input
vector is contained in a leader class of said second sub-group of leader classes. 21. The apparatus
according to any of the claims 15-20, wherein input vectors contained in a set of vectors in said
pre-defined group of sets of vectors have a larger probability of being indexed than input vectors
contained in a set of vectors that is not in said pre-defined group of sets of vectors. 22. The apparatus
according to any of the claims 15-21, wherein said general processing, if applied to input vectors
contained in said sets of vectors with said characteristic, would be more complex than said specific
processing applied to the same input vectors. 23. The apparatus according to any of the claims 16-17,
wherein said characteristic to which said specific processing is adapted is that said pre-defined group
of leader classes only contains leader classes with leader  WO 2009/100768PCT/EP2008/051901 54
vectors the components of which take a maximum number of different values. 24. The apparatus
according to any of the claims 15-17 and 23, wherein said general processing is applicable in case of
input vectors contained in any set of vectors of said plurality of sets of vectors except said sets of
vectors of said pre-defined group of sets of vectors  to allow an optimization of said general
processing. 25.  



The apparatus according to any of wherein said indexing is a binomial the claims indexing. 15-24, 26.
The apparatus according toany of the claims 16-25,  wherein said indexing of said input vector is
performed in a quantization process that is based on a lattice codebook defined by said leader
classes. 27. A method, comprising:  determining atargetvectorccntained ina set of vectors of a plurality
of sets of vectors based on an index associated with said target vector, wherein saiddetermining
comprises:  performing, in case that said target vector is contained in a set of vectors of a pre-defined
group of one or more sets of vectors of said plurality of sets of vectors, a specific processing that is
adapted to a characteristic of said sets of vectors in said pre-defined group of sets of vectors and is
only applicable in case of target vectors contained in sets of vectors with said characteristic, and 



WO 2009/100768PCT/EP2008/051901 55 - performing, in case that said target vector is not contained
in a set of vectors of said pre-defined group of sets of vectors, a general processing. 28. The method
according to claim 27, wherein said sets of vectors are leader classes, and wherein each leader class
comprises a different leader vector and permutations of said leader vector. 29. The method according
to claim 28, wherein said characteristic to which said specific processing is adapted is that said
pre-defined group of leader classes only contains leader classes with leader vectors the components
of which take only a pre-defined number of different values. 30. The method according to any of the
claims 27-29, wherein target vectors contained in a set of vectors in said pre-defined group of sets of
vectors have a larger probability of being determined than target vectors contained in a set of vectors
that is not in said pre-defined group of sets of vectors. 31. The method according to any of the claims
27-30, wherein said general processing, if applied in case of target vectors contained in said sets of
vectors with said characteristic, would be more complex than said specific processing applied in case
of the same target vectors. 32. The method according to claim 28, wherein said characteristic to which
said specific processing is adapted is that said pre-defined group of leader classes  WO
2009/100768PCT/EP2008/051901 56 only contains leader classes with leader vectors the
components of which take a maximum number of different values. 



33. The method according to any of the claims 27-28 and 32, wherein said general processing is
applicable in case of target vectors contained in any set of vectors of said plurality of sets of vectors
except said sets of vectors of said pre-defined group of sets of vectors to allow an optimization of said
general processing. 34. The method according to any of the claims 27-33, wherein said index is
associated with said target vector via a binomial indexing. 35. The method according to any of the
claims 28-34, wherein said determining of said target vector is performed in a de-quantization process
that is based on a lattice codebook defined by said leader classes. 36. A computer-readable medium,
having a computer program stored thereon, the computer program comprising: instructions operable to
cause a processor to determine a target vector contained in a set of vectors of a plurality of sets of
vectors based on an index associated with said target vector, wherein said determining comprises
performing, in case that said target vector is contained in a set of vectors of a pre-defined group of one
or more sets of vectors of said plurality of sets of vectors, a specific processing that is adapted to a
characteristie of said sets of vectors in said pre-defined group of sets of vectors and is only  WO
2009/100768PCT/EP2008/051901 57 applicable in case of target vectors contained in sets of vectors
with said characteristic, and performing, in case that said target vector is not contained in a set of
vectors of said pre-defined group of sets of vectors, a general processing. 37. A computer program,
comprising: instructions operable to cause a processor to determine a target vector contained in a set
of vectors of a plurality of sets of vectors based on an index associated with said target vector,em n
said determining comprises performing, in case that said target vector is contained in a set of vectors
of a pre-defined group of one or more sets of vectors of said plurality of sets of vectors, a specific
processing that is adapted to a characteristic of said sets of vectors in said pre-defined group of sets of
vectors and is only applicable in case of target vectors contained in sets of vectors with said
characteristic, and performing, in case that said target vector is not contained in a set of vectors of said
pre-defined group of sets of vectors, a general processing. 38. An apparatus, comprising: 



a processing component configured to determine a target vector contained in a set of vectors of a
plurality of sets of vectors based on an index associated with said target vector, said processing
component further being configured to perform, in case that said target vector to be determined is
contained in a set of vectors of a pre-defined group of one or more sets of vectors of said plurality of
sets of vectors, a specific processing that  WO 2009/100768PCT/EP2008/051901 58 is adapted to a
characteristic of said sets of vectors in said pre-defined group of sets of vectors and is only applicable
in case of target vectors contained in sets of vectors with said characteristic, and said processing
component further being configured to perform, in case that said target vector to be determined is not
contained in a set of vectors of said pre-defined group of sets of vectors, a general processing. 39.
The apparatus according to claim 38, wherein said sets of vectors are leader classes, and wherein
each leader class comprises a different leader vector and permutations of said leader vector. 40. The
apparatus according to claim 39, wherein said characteristic to which said specific processing is
adapted is that said pre-defined group of leader classes only contains leader classes with leader
vectors the components of which take only a pre-defined number of different values. 41. The
apparatus according to any of the claims 38-40, wherein target vectors contained in a set of vectors in
said pre-defined group of sets of vectors have a larger probability of being determined than target
vectors contained in a set of vectors that is not in said pre-defined group of sets of vectors. 42. The
apparatus according to any of the claims 38-41, wherein said general processing, if applied in case of
target vectors contained in said sets of vectors with said characteristic, would be more complex than
said  WO 2009/100768PCT/EP2008/051901 59 specific processing applied in case of the same target
vectors. 



43. The apparatus according to claim 38, wherein said characteristic to which said specific processing
is adapted is that said pre-defined group of leader classes only contains leader classes with leader
vectors the components of which take a maximum number of different values. 44. The apparatus
according to any of the claims 38-39 and 43, wherein said general processing is applicable in case of
target vectors contained in any set of vectors of said plurality of sets of vectors except said sets of
vectors of said pre7defined group of sets of vectors to allow an optimization of said general
processing. L;The apparatus according to any of the claims 38-44,  wherein said index is associated
with said target vector via a binomial indexing. 46. The apparatus according to any of the claims 38-45,
wherein said determining of said target vector is performed in a de-quantization process that is based
on a lattice codebook defined by said leader classes. 47. A system, comprising: a first processing
component configured to index an input vector contained in a set of vectors of a plurality of sets of
vectors, said first processing component further being configured to perform, in case that said input
vector to be indexed is contained in a set of  WO 2009/100768PCT/EP2008/051901 60 vectors of a
pre-defined group of one or more sets of vectors of said plurality of sets of vectors, a specific
processing that is adapted to a characteristic of said sets of vectors in said pre-defined group of sets of
vectors and is only applicable in case of input vectors contained in sets of vectors with said
characteristic, and said first processing component further being configured to perform, in case that
said input vector to be indexed is not contained in a set of vectors of said pre-defined group of sets of
vectors, a general processing, and a second processing component configured to determine a. target
vector contained in a set of vectors of said plurality of sets of vectors based on an index associated 



with said target vector, said second processing component further being configured to perform, in case
that said target vector to be determined is contained in a set of vectors of a. pre-defined group of one
or more sets of vectors of said plurality of sets of vectors, a specific processing that is adapted to a
characteristic of said sets of vectors in said pre-defined group of sets of vectors and is only applicable
in case of target vectors contained in sets of vectors with said characteristic, and said second
processing component further being configured to perform, in case that said target vector to be
determined is not contained in a set of vectors of said pre-defined group of sets of vectors, a general
processing. 


