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Method and apparatus for video encoding and decoding with partially shared
Luma and Chroma Coding Trees

TECHNICAL FIELD

At least one of the present embodiments generally relates to, e.g., a method or an apparatus
for video encoding or decoding, and more particularly, to a method or an apparatus wherein
the partitioning tree structure is partially shared between luma and chroma blocks.

BACKGROUND

The technical field of the one or more implementations is generally related to video
compression. At least some embodiments relate to improving compression efficiency
compared to existing video compression systems such as HEVC (HEVC refers to High
Efficiency Video Coding, also known as H.265 and MPEG-H Part 2 described in "ITU-T H.265
Telecommunication standardization sector of ITU (10/2014), series H: audiovisual and
multimedia systems, infrastructure of audiovisual services - coding of moving video, High
efficiency video coding, Recommendation ITU-T H.265"), or compared to under development
video compression systems such as VWC (Versatile Video Coding, a new standard being
developed by JVET, the Joint Video Experts Team).

To achieve high compression efficiency, image and video coding schemes usually employ
partitioning of an image, prediction, including motion vector prediction, and transform to
leverage spatial and temporal redundancy in the video content. Generally, intra or inter
prediction is used to exploit the intra or inter frame correlation, then the differences between
the original image and the predicted image, often denoted as prediction errors or prediction
residuals, are transformed, quantized, and entropy coded. To reconstruct the video, the
compressed data are decoded by inverse processes corresponding to the entropy decoding,
inverse quantization, inverse transform, and prediction.

With the emergence of new video coding schemes, the partitioning scheme become more
complex and allows dual tree partitioning/coding for luma and chroma to achieve high
compression. However, it appears that the dual tree coding scheme raises hardware
implementation issue at the decoding stage.

Therefore, there is a need for a new method for coding and decoding a video that jointly
ensures high coding efficiency, while taking into account some hardware decoding pipeline
constraints.
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SUMMARY

The purpose of the invention is to overcome at least one of the disadvantages of the prior art.
For this purpose, according to a general aspect of at least one embodiment, a method for
video encoding is presented, comprising determining a partitioning tree structure
corresponding to a partitioning process of a block of an image of the video, wherein the
partitioning tree structure is partially shared between luma and chroma blocks; and encoding
the block based at least on the partitioning tree structure.

According to another general aspect of at least one embodiment, a method for video decoding
is presented, comprising determining a partitioning tree structure corresponding to a
partitioning process of a block of an image of the video, wherein the partitioning tree structure
is partially shared between luma and chroma blocks; and decoding the block based at least

on said partitioning tree structure.

According to another general aspect of at least one embodiment, an apparatus for video
encoding is presented comprising means for implementing any one of the embodiments of the

encoding method.

According to another general aspect of at least one embodiment, an apparatus for video
decoding is presented comprising means for implementing any one of the embodiments of the

decoding method.

According to another general aspect of at least one embodiment, an apparatus for video
encoding is provided, comprising one or more processors, and at least one memory. The one
or more processors is configured to implement to any one of the embodiments of the encoding
method.

According to another general aspect of at least one embodiment, an apparatus for video
decoding is provided, comprising one or more processors and at least one memory. The one
or more processors is configured to implement to any one of the embodiments of the decoding
method.

According to another general aspect of at least one embodiment, a single partitioning tree
structure is shared between luma and chroma blocks from a root node of the partitioning tree
down to a switching node and a dual partitioning tree structure is determined for luma and
chroma blocks from the switching node down to a leaf node of the partitioning tree.
Advantageously, this embodiment optimizes the coding efficiency by allowing separated trees

for smaller blocks, while limiting the complexity of decoding pipeline.
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According to another general aspect of at least one embodiment, the partially shared
partitioning tree structure is used for coding or decoding a block belonging to a part of the
video image coded in Intra, for instance a tile or a tiles group.

According to another general aspect of at least one embodiment, the partially shared
partitioning tree structure is used for coding or decoding a block belonging to a part of the

video image coded in Inter, for instance a tile or a tiles group.

According to another general aspect of at least one embodiment, the switching node is
implicitly determined. According to a variant of this embodiment, the switching block node is
determined based on a partitioning block size. Advantageously, the partitioning block size
corresponds to the decoding pipeline unit size and is, for instance, set to 64x64. According to
another variant of this embodiment, the switching node is determined based on a partitioning
depth level. Advantageously, the partitioning depth level is set to one depth of quad-tree split
of the partitioning tree and corresponds to the quad-tree split of a 128x128 CTU into 4 sub-
CUs of size 64x64 thus compatible with the decoding pipeline unit size.

A decoding pipeline unit may also be called a Virtual Decoding Pipeline Unit (VPDU).

According to another general aspect of at least one embodiment, the switching node is
signaled. Advantageously, this embodiment allows to adapt the switching node for each CTU,

for instance based on RD cost.

According to another general aspect of at least one embodiment, a non-transitory computer
readable medium is presented containing data content generated according to the method or
the apparatus of any of the preceding descriptions.

According to another general aspect of at least one embodiment, a signal is provided
comprising video data generated according to the method or the apparatus of any of the
preceding descriptions. According to another general aspect of at least one embodiment, the
signal data is interleaved based on a partitioning block size. The signal data is thus
advantageously arranged for the decoding pipeline unit.

One or more of the present embodiments also provide a computer readable storage medium
having stored thereon instructions for encoding or decoding video data according to any of the
methods described above. The present embodiments also provide a computer readable
storage medium having stored thereon a bitstream generated according to the methods
described above. The present embodiments also provide a method and apparatus for

transmitting the bitstream generated according to the methods described above. The present
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embodiments also provide a computer program product including instructions for performing

any of the methods described.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an example of Coding Tree Unit (CTU) and Coding Tree (CT) concepts to

represent a compressed HEVC picture.

FIG. 2 illustrates an example of partitioning of a Coding Unit and associated Coding Tree in
the Quad-Tree plus Binary-Tree (QTBT) scheme.

FIGs. 3 and 4 illustrate examples of some CU binary or triple tree partitioning.

FIGs. 5 and 6 illustrate examples of partitioning of a non-limiting embodiment of CTU,
respectively in Luma and Chroma components according to a general aspect of at least one
embodiment.

FIG. 7 and 8 illustrate various examples of an encoding method according to a general aspect
of at least one embodiment.

FIG. 9, 10, 11 and 12 illustrate various examples of a decoding method according to a general
aspect of at least one embodiment.

FIG 13 illustrates a block diagram of an embodiment of video encoder in which various aspects
of the embodiments may be implemented.

FIG. 14 illustrates a block diagram of an embodiment of video decoder in which various
aspects of the embodiments may be implemented.

FIG. 15 illustrates a block diagram of an example apparatus in which various aspects of the
embodiments may be implemented.

DETAILED DESCRIPTION

It is to be understood that the figures and descriptions have been simplified to illustrate
elements that are relevant for a clear understanding of the present principles, while
eliminating, for purposes of clarity, many other elements found in typical encoding and/or
decoding devices. It will be understood that, although the terms first and second may be used
herein to describe various elements, these elements should not be limited by these terms.

These terms are only used to distinguish one element from another.



10

15

20

25

30

WO 2019/231751 PCT/US2019/033262

5

The various embodiments are described with respect to the encoding/decoding of an image.
They may be applied to encode/decode a part of image, such as a slice or atile, a tile group

or a whole sequence of images.

Various methods are described above, and each of the methods comprises one or more steps
or actions for achieving the described method. Unless a specific order of steps or actions is
required for proper operation of the method, the order and/or use of specific steps and/or

actions may be modified or combined.

At least some embodiments relate to method for encoding or decoding a video wherein the

tree coding/partitioning structure is partially shared between luma and chroma blocks.

In the HEVC video compression standard, an image is divided into so-called Coding Tree
Units (CTU), which size is typically 64x64, 128x128, or 256x256 pixels. Each CTU is
represented by a Coding Tree in the compressed domain. This is a quad-tree division of the
CTU, where each leaf is called a Coding Unit (CU). Each CU is then given some Intra or Inter
prediction parameters (Prediction Info). To do so, it is spatially partitioned into one or more
Prediction Units (PUs), each PU being assigned some prediction information. The Intra or Inter

coding mode is assigned on the CU level as shown on Figure 1.

New emerging video compression tools include a more flexible Coding Tree Unit
representation in the compressed domain that provides increased compression efficiency
compared to the CU/PU/TU arrangement of the HEVC standard. Firstly, the Coding Tree Unit
representation includes a Quad-Tree plus Binary-Tree (QTBT) which is a coding structure
where coding units can be split both in a quad-tree and in a binary-tree fashion. An example
of coding tree representation of a Coding Tree Unit is illustrated on Figure 2. The splitting of a
coding unit is decided on the encoder side through a rate distortion optimization procedure,
which consists in determining the QTBT representation of the CTU with minimal rate distortion
cost. Inthe QTBT technology, a CU has either square or rectangular shape. The size of coding

unit is always a power of 2, and typically goes from 4 to 128.

In addition to this variety of rectangular shapes for a coding unit, this new CTU representation
has the following different characteristics compared to HEVC. First, the QTBT decomposition
of a CTU is made of two stages: first the CTU is split in a quad-tree fashion, then each quad-
tree leaf can be further divided in a binary fashion. This is illustrated on the right of Figure 2
where solid lines represent the quad-tree decomposition phase and dashed lines represent

the binary decomposition that is spatially embedded in the quad-tree leaves.
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Secondly, in Intra slices, the Luma and Chroma block partitioning structure is separated, and

decided independently.

Thirdly, no more CU partitioning into predictions units or transform unit is employed. In other
words, each Coding Unit is systematically made of a single prediction unit (2Nx2N prediction

unit partition type) and single transform unit (no division into a transform tree).

Finally, some other CU binary or triple tree partitioning may also be employed in the
representation of the CTU’s coding tree, as illustrated on Figure 3 or Figure 4. Figure 3
illustrates CU partitioning in an asymmetric binary tree wherein a square or rectangular coding
unit with size (w, h) (width and height) is split through one of the asymmetric binary splitting
modes, for example HOR_UP (horizontal-up), leading to 2 sub-coding units with respective
rectangular sizes (w%) and (w, %) In addition, the so-called triple tree partitioning of a CU is
represented on Figure 4. Triple tree consists in splitting a CU into tree sub-CU with size

(1/4,1/2,1/4) relative to the parent CU, in the considered orientation.

A significant coding efficiency improvement is brought using the new topologies described
above. In particular, a significantly gain is obtained in chroma. This large gain in the chroma
component heavily results from the separation of the Luma and Chroma coding trees in Intra
slices. However, this separation of the Luma and Chroma coding tree on the CTU level has
some issues in terms of hardware implementation. In at least one embodiment, the CTU is
typically of size 128x128 or 256x256. Moreover, fully separating the coding trees of the Luma
and Chroma components implies that these Luma and Chroma are also fully separated in the
compressed domain, hence also appear in a separated way in the coded bit-stream. This
causes some issue for at least one decoder implementation, where one would like to ensure
that a decoding pipeline is achieved on a maximum decoding unit size which may be smaller
than the CTU size.

Typically, a 64x64 based decoder pipeline is desired for at least one decoder implementation.
To do so, a maximum transform block size equal to 64x64 has been chosen. In addition, the
separation of the Luma and Chroma coding tree is removed, because it would imply a coded
bit-stream where all the Luma blocks of a CTU appear before the Chroma blocks in the same
CTU. In such case, the decoding process would lead to the parsing, hence the generation of
a decoded quantized block data that would spatially cover the whole CTU, i.e. a 128x128 or
256x256 picture area. The consequence of removing the Luma/Chroma coding separation is
a loss in coding efficiency, compared to the case where these trees are chosen, coded and

decoded independently.
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It is thus desirable to have Luma and Chroma coding tree representations in a way that
optimizes coding efficiency, while ensuring that a decoding pipeline, for instance a decoding
pipeline on a 64x64 block basis, is feasible.

To that end, at least one embodiment comprises:

- Having a joint Luma/Chroma coding tree from the maximum allowed block size (CTU
size) down to a pre-defined block size or up to a pre-defined CU depth level, which are
determined according to a pipeline decoding unit. Then, when the block sizes is lower
or equal to the pipeline decoding unit, selecting, encoding and decoding the luma and
chroma coding tree in a separated manner. This means a part of the overall CTU
coding tree is shared by luma and chroma components, and then, beyond a certain
depth level in the CTU coding tree, the luma and chroma trees are independent, thus
can be different. In the following of this description, to mention this aspect, the term
partially shared Luma/Chroma coding trees is used.

- Switching from an interleaved Iluma/chroma coding process to a separated
luma/chroma coding process, according to the block size associated to the processed
coding tree node, or according to the depth level of the coding tree node being

encoded/decoded.

In practice, assuming a decoding pipeline unit of 64x64, when coding the luma and chroma
coding trees, the coding trees are jointly decided and coded down to a block size greater than
64x64. Then the luma/chroma coding trees possibly diverge from each other, for block sizes
lower than 64x64.

Advantageously, this process also ensures that in the bit-stream organization, the luma and
chroma compressed signals appear one after the other one, for each picture area equal to the
considered decoding pipeline unit (64x64). Thus, when parsing the bit-stream, it is ensured
that the block residual signal associated to a picture area equal to the pipeline decoding unit
64x64 is fully decoded for both luma and chroma components, before starting to process a
next pipeline decoding unit.

Besides, the coding efficiency is improved compared to the full separation of the
Luma/Chroma coding tree.

In section 1, several embodiments of a partially shared luma/chroma coding trees and
associated bit-stream organization are disclosed.

In section 2, several embodiments of an encoding method are disclosed.

In sections 3 and 4, several embodiments of a decoding method are disclosed.

In section 5, additional information and generic embodiments are disclosed.
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1 An embodiment of a partially shared luma/chroma coding trees, and associated bit-
stream organization

Figures 5 and 6 illustrate examples of partitioning of a non-limiting embodiment of CTU,

respectively in Luma and Chroma components according to a general aspect of at least one

embodiment. On both examples, the considered CTU size is 128x128 and the considered

decoding pipeline unit is 64x64.

Figure 5 illustrates a first example where the CTU is first split in a quad-tree fashion. This
leads to 64x64 coding units in the Luma component as shown on the left of the figure, which
are aligned with the corresponding 32x32 CUs in the chroma components as shown on the
right of the figure. As can be seen, the two luma and chroma split type are identical, when the
size of the CU to split is higher than the decoding unit size 64x64. Next, for Luma CU smaller
or equal to 64x64, the split modes may differ between Luma and Chroma. This is the case on
Figure 5, except for the top-right 64x64 CU (3 and 4).

The bottom of Figure 5 shows the bit-stream organization proposed here, in the case of the
Luma and Chroma coding trees of Figure 5. As can be seen, according to an embodiment of
the bit-stream arrangement, the bit-stream is made of contiguous parts respectively
comprising series of coded Luma blocks and series of coded Chroma blocks. The bit-stream
is organized in such a way that a series of coded Luma or Chroma block corresponds to a
spatial area that is not higher than 64x64 (in the Luma domain), i.e. the imposed Luma size

for the decoding pipeline unit.

In a particular embodiment, a bit-stream portion comprising a given series of coded Luma or
Chroma block exactly contains the coded data of a spatial area of the considered picture,
which size is equal to the considered decoding pipeline unit size. Typically, this size is 64x64.

Figure 6 illustrates another embodiment of a partially shared luma/chroma coding trees. The
128x128 first undergoes a vertical binary split, which leads to two 64x128 Coding units. Since
for CU sizes larger than 64x64, luma and chroma are synchronized, the CTU is split the same
way in chroma components, leading to two 64x32 CUs. The right CUs is not split anymore.
The left 128x64 is divided though the binary horizontal split mode, in a synchronous way in
Luma and Chroma component (shared/synchronous part of the coding tree arrangement

according to at least one embodiment).

Furthermore, with respect to CU resulting from this second binary split stage, hence have size

64x64 in Luma, they can be further split, in a separated way between Luma and Chroma
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components. Finally, the resulting bit-stream arrangement and ordering is shown on the
bottom of Figure 6. A particular aspect to note here is that since the maximum decoding unit
size is 64x64, the maximum transform size is also 64x64. Thus, in the case of the 64x128 CU
on Figure 6, the CU is split into 2 transform units 64x64 in the luma component.
Synchronously, it is split in two 32x32 CUs in the 2 chroma components. Then, in terms of bit-
stream ordering, the 64x64 Luma and 32x32 Chroma transform blocks resulting from this
spatial division are interleaved in the bit-stream, to ensure that all Luma and Chroma coded
data corresponding to a spatial area of size 64x64 are packed together in the coded bi-stream.

This corresponds to the coded data block 5, 6, 7 and 8 of Figure 6.

2 At least one embodiment of the encoding
Figure 7 illustrates an example of an encoding method 700 according to a general aspect of

at least one embodiment.

In a preliminary step 710, a block is accessed for encoding. The block, typically a CU, belongs
to a spatial partition of an image of a video, typically a CTU in the previous sections. The
encoding method 700 recursively determines, for the block to be encoded, a partitioning or
splitting into sub-blocks. Typically, the method starts with a block being a CTU in the previous
sections. For instance, the block is split into sub-block according to any of the split modes
described with Figures 2, 3 or 4. A partitioning tree structure, also referred to as a coding tree
or partition information, indicates how the image is partitioned. Accordingly, in a step 720, a
partitioning tree structure corresponding to a partitioning process of the block is determined.
Advantageously, the partitioning tree structure is partially shared between luma and chroma
blocks. A partitioning tree structure partially shared between luma and chroma blocks means
that for some blocks in the partitioning tree, a single partitioning tree structure is used for both
luma and chroma blocks while for others blocks in the partitioning tree, a separated partitioning
tree structure is used for luma blocks and for chroma blocks. For instance, the luma block,
corresponding to the luma component of the CTU on Figure 5, shares the first quadtree split
in the partitioning tree structure with the chroma block corresponding to any of the chroma
components of CTU. Then, the luma block 1, corresponding to the luma component of the CU
1 on Figure 5, and the chroma block 2 corresponding to any of the chroma components of CU
2, are split in a different way therefore a dual partitioning tree structure is determined for luma
block 1 and for the co-located chroma blocks 2. In the following the terms separated tree and
dual tree are indifferently used for defining 2 trees while the terms common tree, shared tree,
joint tree and single tree are indifferently used for defining a common tree for both luma and
chroma components. In a step 730, the block is coded based at least on the determined

partitioning tree structure.
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According to an embodiment, a single partitioning tree structure is shared between luma and
chroma blocks from a root node of the partitioning tree down to a switching node and a dual
partitioning tree structure is determined for luma and chroma blocks from the switching node
down to a leaf node of the partitioning tree. Thus, the shared coding tree is used for larger
blocks while separated trees are used for smaller blocks, the switching between the shared
coding tree and the dual coding tree being defined by a switching point or level. For instance,
the root node corresponds to a CTU while the leaf node corresponds to a leaf CU.
Advantageously, this embodiment optimizes the coding efficiency by allowing separated trees

for some blocks, while limiting the complexity of decoding pipeline.

According to an embodiment, the partially shared partitioning tree structure is used for coding
a block belonging to a part of the video image coded in Intra. For instance, the part of the
video image is a tile or a tiles group and the partially shared luma and chroma coding trees
are used in Intra tiles or Intra tiles group only.

According to another embodiment the partially shared partitioning tree structure is used for
coding a block belonging to a part of the video image coded in Inter.

According to an embodiment, the switching node is implicitly determined. Advantageously,
this embodiment allows not signaling the switching node from the encoder to the decoder. In
a first variant, the switching block node is determined based on a partitioning block size. The
partitioning block size is thus a parameter pre-defined in the encoder and in the decoder. For
instance, the switching from a shared luma/chroma coding tree towards 2 separated luma and
chroma sub-tree is decided based on the size of the coding unit, relative to a considered
decoding unit size. According to a preferred variant, the partitioning block size is set to 64x64
thus allowing a decoding pipeline on a 64x64 block basis. As illustrated on Figure 5, the CTU
128x128 shares its coding tree for both chroma and luma components while for CU of size
lower or equal to 64x64, the sub-trees are separated for chroma and luma components.

In a second variant, the switching block node is determined based on a partitioning depth
level. The partitioning block size is thus a parameter pre-defined in the encoder and in the
decoder. According to a preferred example, the partitioning depth level is set to one depth of
quad-tree split of the partitioning tree. As illustrated on Figure 5, the shared tree of the CTU
comprises the first quad tree-split and below the sub-trees are separated for the CUs. For
instance, the switching from a shared luma/chroma coding tree towards 2 separated luma and
chroma sub-trees is decided based on the depth level of coding unit, relative to CU depth
threshold. In a particular variant, the first quad tree split is inferred. This variant is well adapted
to a CTU size of 128x128 where a first QT-split results in 4 CUs of size 64x64 where dual
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trees are then processed for luma and chroma components. In other words, the switching from
a shared luma/chroma coding tree towards 2 separated luma and chroma sub-tree is decided
based on the quad-tree depth level only, relative to CU quad-tree depth threshold. Indeed, in
the QTBT coding structure, a CTU first undergoes a quad-tree splitting process, before
entering a so-called binary/ternary tree splitting process. Thus, two types of CU depth levels
can be considered: the quad-tree related depth level and the binary/ternary tree depth level.
A CU that undergoes quad-tree split has a binary/ternary tree level equal to 0, and the quad-
tree splitting leads to 4 sub-CU with a quad-tree related depth level increased by 1 compared
to the parent CU.

In a third variant, the switching block node is also determined based on a partitioning depth
level wherein a compound quad-tree/binary-tree/ternary-tree depth level is associated to each
CU. This compound depth is exemplarily computed as follows. In case a CU is quad-tree split,
the compound depth is increased by 3 between the parent and the children CUs. In case a
CU is binary-tree split, the compound depth is increased by 2 between the parent and the
children CUs. In case a CU is ternary-tree split, the compound depth is increased by 1 between
the parent and the middle children CU and is increased by 3 between the parent and the two
others (non-middle) children CUs. In the scope of this embodiment, the switching between the
dual luma/chroma coding tree to the separated trees is decided according compound depth

level of current CU relative to a compound depth threshold.

According to an embodiment, the switching node is signaled. Advantageously, this
embodiment allows to adapt the switching node for each CTU, for instance based on RD cost.

Figure 8 illustrates another example of an encoding method according to at least one
embodiment. Figure 8 shows an embodiment of the determining step 720 of the partially
shared Luma and Chroma coding trees of a given CTU at the encoder. The embodiment of
Figure 8 corresponds to the embodiment where the switching node is determined based on
the partitioning block size. This decision process involves a recursive rate distortion
optimization procedure, to search for the two Luma and Chroma coding trees that jointly
minimize an overall Rate Distortion cost on the CTU level. To do so, at each depth level of the
recursive process, a set of (or a part of) candidate split modes for the considered Coding Unit
(which corresponds to the whole CTU at the beginning of the process) is envisioned. Two
main cases are shown on Figure 8, respectively on the left (branch yes) and on the right side
(branch no) of the diagram.
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Left side corresponds to the case where current CU has size strictly larger than the decoding
pipeline unit size. In that case, according to at least one embodiment, a single split mode,
commonly used in the Luma and Chroma components, has to be chosen. To do so, each split
mode s or CurrentSplitMode in a set of allowed candidates split modes for current CU is
evaluated, which leads to an associated rate distortion cost
RDcost_YCbhCr(CurrentSplitMode) associated the best coding of the considered CU that can
be performed when choosing split mode s at the current depth level. The evaluation of split
mode s thus involved the partitioning of current CU according to split mode s, and then a loop
over each resulting sub-coding unit (sub-CU). For each sub-CU, the current RDO process is
invoked in a recursive way, so as to determine the split mode for the considered sub-CU. This
loop over candidate split mode then results in the determination of the split mode that minimize

the joint Luma/Chroma Rate Distortion cost associated to current CU.

In case of a 128x128 CTUs, a quad tree split operation divides 128x128 CTUs into 4 64x64
Coding Units. This split is either signaled as part of the common Chroma/Luma coding tree or
inferred thus saving bits. Note in the case where the quad-tree split mode is inferred for CUs
larger than the decoding pipeline unit size 64x64, then left side of the process of figure 8 simply
consists in splitting the input CU into 4 sub-CU, and recursively apply the process of figure 8,

successively onto each resulting sub-CU.

With respect to the right side of the algorithm of Figure 8, it corresponds to the case where the
overall RD search process has reached a depth level in the coding tree, which corresponds to
a coding unit size lower or equal to the size of the considered decoding pipeline unit, i.e. the
switching node. In that case, at least one embodiment proposes to switch from a joint
luma/chroma coding tree to separated luma and chroma sub-coding tree, from the considered
depth level in the overall coding tree representation being optimized. Thus, the determination
of the Luma and the Chroma coding trees associated to the current CU takes the form of two
separate, successive optimizations procedures, which respectively find the best Luma coding

tree and the best chroma coding tree for current CU.

This corresponds to the two RDO steps that follow on Figure 8. The optimization steps are
known from the man skilled in the art. Next step comprises computing the overall joint
Luma/Chroma rate distortion cost RDcost_YCbCr(s_Iluma,s_chroma) that results from the
obtained separated luma and chroma sub-coding tree. s_luma and s_chroma respectively
stand for the best split mode found for current CU, in Luma (Y) and Chroma (Cb+Cr)
components. This joint RD cost can be simply computed by summing the rates of the luma
and chroma components (giving overall rate R), and by computing the overall distortion D as

the sum of the luma and chroma distortions resulting from the two separated coding tree
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searches. The overall RD cost is then obtained according to the classical formula, where 1 is

the known Lagrange parameter:
RDcost =D + A.R

Note in the case where the quad-tree split mode is inferred for CUs larger than the decoding
pipeline unit size 64x64, the rate distortion optimal split modes s_luma and s_chroma are
assigned to the current CU currCU, respectively in Luma and Chroma channels. Indeed, no
rate distortion competition between split modes takes place for CUs larger than the decoding

pipeline unit size.

First module/operation (possible sharing or not of luma/chroma coding tree) from Figure 8 can
be located, for example, in module 102 (image partitioning) of Figure 13 (shown later).

3 An embodiment of the decoding

Figure 9 illustrates an example of a decoding method 900 according to a general aspect of at
least one embodiment.

In a preliminary step 910, a bitstream or signal of a coded block is accessed for decoding. The
coded block is typically a CU or a CTU. The decoding method 900 recursively determines, for
the block to be decoded, a partitioning or splitting into sub-blocks. For instance, the coded
block is split into sub-blocks according to any of the split modes described with Figures 2, 3
or 4. Accordingly, in a step 920, a partitioning tree structure corresponding to a partitioning
process of the block is determined. Advantageously, the partitioning tree structure is partially
shared between luma and chroma blocks. For instance, the partitioning tree structure is
obtained from the decoding process and from the syntax elements associated with the coded
block. This is later described with the variant embodiments of Figures 10-13. In a step 930,
the block is decoded based at least on the determined partitioning tree structure.

The man skilled in the art will easily adapt the variant embodiments described for the encoding
method to the decoding method 900 which are therefore not repeated here.

Figure 10 illustrates another example of a decoding method according to a general aspect of
at least one embodiment. Figure 10 shows an embodiment of the determining step 920 of the
partially shared Luma and Chroma coding trees of a given CTU at the decoder. The
embodiment of Figure 10 corresponds to the embodiment where the switching node is
determined based on the partitioning block size. As for the encoding, this process is also made
of two parts, respectively shown on left side and on right side of the diagram of Figure 10. Left
side of Figure 10 illustrates the processing of a CU with size larger that the considered
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decoding pipeline unit in width or height. Right side of Figure 10 illustrates the decoding of
coding units smaller or equal to the size of the considered decoding pipeline unit. Therefore,
the left side implies the recursive parsing of the split modes, and possible the decoding of a
CU, in case its size is larger than the decoding unit size in a step 921. The decoding 921 of
such a large CU is depicted on Figure 11. According, to a variant, a quad tree split operation
divides the CUs into sub-block equal to DPU size (for instance, in case of a 128x128 CTUs, a
quad tree split operation divides 128x128 CTUs into 4 64x64 Coding Units).

According to another variant, the quad-tree split mode may be inferred for CUs larger than the

DPU size, as for the encoder side.

With respect to the right side of Figure 10, it comprises the parsing, decoding and
reconstruction of the coding unit contained in the considered picture area, successively, and

independently, for the Luma component and then for the chroma component.

Module/operation from Figures 10 and 11 can be located, for example, between modules 230
(entropy decoding comprising parsing of syntax element) and 235 (partitioning) of Figure 14
(shown later).

4 Alternative embodiment of the decoding

This section illustrates an alternative embodiment of the decoding process of section 3. The
difference here is that the block decoding process is performed on a decoding pipeline basis,
in order to explicitly conform to the constraint considered for the decoding process. Indeed, a
decoder compatible with an embodiment of the present principles is advantageously able to
perform all the decoding process of a decoding unit for Luma and Chroma components, before

starting to process next decoding unit.

Figure 12 shows the decoding unit-based process that is used to decode and reconstruct the
luma and chroma blocks, according to an embodiment of this invention. The process first
spatially divide CTUs into decoding unit of size equal to the decoding pipeline unit, typically
64x64.

For instance, this division is performed through a quad-tree split operation, which divides
128x128 CTUs into 4 64x64 Coding Units.

The process involves a loop over all the decoding unit (of typical size 64x64) comprised in the
considered CTU. For each decoding unit, the luma blocks contained in the decoding unit are
first decoded, then the chroma blocks comprised in the decoding unit are decoded and
reconstructed.
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5 Additional embodiments and information

This section describes a variety of aspects, including tools, features, embodiments, models,
approaches, etc. Many of these aspects are described with specificity and, at least to show
the individual characteristics, are often described in a manner that may sound limiting.
However, this is for purposes of clarity in description, and does not limit the application or
scope ofthose aspects. Indeed, all of the different aspects can be combined and interchanged
to provide further aspects. Moreover, the aspects can be combined and interchanged with
aspects described in earlier filings as well.

The aspects described and contemplated in this document can be implemented in many
different forms. FIGs. 13, 14 and 15 below provide some embodiments, but other
embodiments are contemplated and the discussion of FIGs. 13, 14 and 15 does not limit the
breadth of the implementations. At least one of the aspects generally relates to video
encoding and decoding, and at least one other aspect generally relates to transmitting a
bitstream generated or encoded. These and other aspects can be implemented as a method,
an apparatus, a computer readable storage medium having stored thereon instructions for
encoding or decoding video data according to any of the methods described, and/or a
computer readable storage medium having stored thereon a bitstream generated according
to any of the methods described.

In the present application, the terms “reconstructed” and “decoded” may be used
interchangeably, the terms “pixel” and “sample” may be used interchangeably, the terms

‘image,” “picture” and “frame” may be used interchangeably. Usually, but not necessarily, the

term “reconstructed” is used at the encoder side while “decoded” is used at the decoder side.

Various methods are described above, and each of the methods comprises one or more steps
or actions for achieving the described method. Unless a specific order of steps or actions is
required for proper operation of the method, the order and/or use of specific steps and/or

actions may be modified or combined.

Various methods and other aspects described in this document can be used to modify
modules, such as, for example, the partitioning modules (102, 235) and the entropy decoding
module (230), of a JVET or HEVC encoder 100 and decoder 200 as shown in FIGURE 13 and
Figure 14. Moreover, the present aspects are not limited to JVET or HEVC, and can be
applied, for example, to other standards and recommendations, whether pre-existing or future-
developed, and extensions of any such standards and recommendations (including JVET and



10

15

20

25

30

WO 2019/231751 PCT/US2019/033262

16

HEVC). Unless indicated otherwise, or technically precluded, the aspects described in this

document can be used individually or in combination.

Various numeric values are used in the present document, for example, a decoding unit
pipeline of 64x64 or block partition (CU, TU) size. The specific values are for exemplary

purposes and the aspects described are not limited to these specific values.

Figure 13 illustrates an exemplary encoder 100. Variations of this encoder 100 are
contemplated, but the encoder 100 is described below for purposes of clarity without

describing all expected variations.

Before being encoded, the video sequence may go through pre-encoding processing (101),
for example, applying a color transform to the input color picture (e.g., conversion from RGB
4:4:4 to YCbCr 4:2:0), or performing a remapping of the input picture components in order to
get a signal distribution more resilient to compression (for instance using a histogram
equalization of one of the color components). Metadata can be associated with the pre-

processing, and attached to the bitstream.

In the exemplary encoder 100, a picture is encoded by the encoder elements as described
below. The picture to be encoded is partitioned (102) and processed in units of, for example,
CUs. Each unit is encoded using, for example, either an intra or inter mode. When a unit is
encoded in an intra mode, it performs intra prediction (160). In an inter mode, motion
estimation (175) and compensation (170) are performed. The encoder decides (105) which
one of the intra mode or inter mode to use for encoding the unit, and indicates the intra/inter
decision by, for example, a prediction mode flag. Prediction residuals are calculated, for

example, by subtracting (110) the predicted block from the original image block.

The prediction residuals are then transformed (125) and quantized (130). The quantized
transform coefficients, as well as motion vectors and other syntax elements, are entropy coded
(145) to output a bitstream. The encoder can skip the transform and apply quantization directly
to the non-transformed residual signal. The encoder can bypass both transform and
quantization, i.e., the residual is coded directly without the application of the transform or

quantization processes.

The encoder decodes an encoded block to provide a reference for further predictions. The
quantized transform coefficients are de-quantized (140) and inverse transformed (150) to
decode prediction residuals. Combining (155) the decoded prediction residuals and the

predicted block, an image block is reconstructed. In-loop filters (165) are applied to the
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reconstructed picture to perform, for example, deblocking/SAO (Sample Adaptive Offset)
filtering to reduce encoding artifacts. The filtered image is stored at a reference picture buffer
(180).

Figure 14 illustrates a block diagram of an exemplary video decoder 200. In the exemplary
decoder 200, a bitstream is decoded by the decoder elements as described below. Video
decoder 200 generally performs a decoding pass reciprocal to the encoding pass as described
in Figure 13. The encoder 100 also generally performs video decoding as part of encoding

video data.

In particular, the input of the decoder includes a video bitstream, which can be generated by
video encoder 100. The bitstream is first entropy decoded (230) to obtain transform
coefficients, motion vectors, and other coded information. The picture partition information
indicates how the picture is partitioned. The decoder may therefore divide (235) the picture
according to the decoded picture partitioning information. The transform coefficients are de-
quantized (240) and inverse transformed (250) to decode the prediction residuals. Combining
(255) the decoded prediction residuals and the predicted block, an image block is
reconstructed. The predicted block can be obtained (270) from intra prediction (260) or
motion-compensated prediction (i.e., inter prediction) (275). In-loop filters (265) are applied
to the reconstructed image. The filtered image is stored at a reference picture buffer (280).

The decoded picture can further go through post-decoding processing (285), for example, an
inverse color transform (e.g. conversion from YCbCr 4:2:0 to RGB 4:4:4) or an inverse
remapping performing the inverse of the remapping process performed in the pre-encoding
processing (101). The post-decoding processing can use metadata derived in the pre-

encoding processing and signaled in the bitstream.

Figure 15 illustrates a block diagram of an exemplary system in which various aspects and
exemplary embodiments are implemented. System 1000 can be embodied as a device
including the various components described below and is configured to perform one or more
of the aspects described in this document. Examples of such devices, include, but are not
limited to, personal computers, laptop computers, smartphones, tablet computers, digital
multimedia set top boxes, digital television receivers, personal video recording systems,
connected home appliances, and servers. System 1000 can be communicatively coupled to
other similar systems, and to a display via a communication channel as shown in Figure 15
and as known by those skilled in the art to implement the various aspects described in this

document.

The system 1000 can include at least one processor 1010 configured to execute instructions
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loaded therein for implementing the various aspects described in this document. Processor
1010 can include embedded memory, input output interface, and various other circuitries as
known in the art. The system 1000 can include at least one memory 1020 (e.g., a volatile
memory device, a non-volatile memory device). System 1000 can include a storage device
1040, which can include non-volatile memory, including, but not limited to, EEPROM, ROM,
PROM, RAM, DRAM, SRAM, flash, magnetic disk drive, and/or optical disk drive. The storage
device 1040 can include an internal storage device, an attached storage device, and/or a
network accessible storage device, as non-limiting examples. System 1000 can include an
encoder/decoder module 1030 configured to process data to provide an encoded video or
decoded video, and the encoder/decoder module 1030 can include its own processor and

memory.

Encoder/decoder module 1030 represents the module(s) that can be included in a device to
perform the encoding and/or decoding functions. As is known, a device can include one or
both of the encoding and decoding modules. Additionally, encoder/decoder module 1030 can
be implemented as a separate element of system 1000 or can be incorporated within
processors 1010 as a combination of hardware and software as known to those skilled in the
art.

Program code to be loaded onto processors 1010 to perform the various aspects described in
this document can be stored in storage device 1040 and subsequently loaded onto memory
1020 for execution by processors 1010. In accordance with the exemplary embodiments, one
or more of the processor(s) 1010, memory 1020, storage device 1040, and encoder/decoder
module 1030 can store one or more of the various items during the performance of the
processes described in this document, including, but not limited to the input video, the decoded
video, the bitstream, equations, formulas, matrices, variables, operations, and operational

logic.

The system 1000 can include communication interface 1050 that enables communication with
other devices via communication channel 1060. The communication interface 1050 can
include, but is not limited to, a transceiver configured to transmit and receive data from
communication channel 1060. The communication interface 1050 can include, but is not
limited to, a modem or network card and the communication channel can be implemented
within a wired and/or a wireless medium. The various components of system 1000 can all be
connected or communicatively coupled together using various suitable connections, including,
but not limited to internal buses, wires, and printed circuit boards.

The exemplary embodiments can be carried out by computer software implemented by the
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processor 1010 or by hardware, or by a combination of hardware and software. As a non-
limiting example, the exemplary embodiments can be implemented by one or more integrated
circuits. The memory 1020 can be of any type appropriate to the technical environment and
can be implemented using any appropriate data storage technology, such as optical memory
devices, magnetic memory devices, semiconductor-based memory devices, fixed memory,
and removable memory, as non-limiting examples. The processor 1010 can be of any type
appropriate to the technical environment, and can encompass one or more of
microprocessors, general purpose computers, special purpose computers, and processors

based on a multi-core architecture, as non-limiting examples.

The implementations and aspects described herein can be implemented in, for example, a
method or a process, an apparatus, a software program, a data stream, or a signal. Even if
only discussed in the context of a single form of implementation (for example, discussed only
as a method), the implementation of features discussed can also be implemented in other
forms (for example, an apparatus or program). An apparatus can be implemented in, for
example, appropriate hardware, software, and firmware. The methods can be implemented
in, for example, an apparatus such as, for example, a processor, which refers to processing
devices in general, including, for example, a computer, a microprocessor, an integrated circuit,
or a programmable logic device. Processors also include communication devices, such as,
for example, computers, cell phones, portable/personal digital assistants ("PDAs"), and other
devices that facilitate communication of information between end-users.

Reference to “one embodiment” or “an embodiment® or “one implementation” or “an
implementation”, as well as other variations thereof, mean that a particular feature, structure,
characteristic, and so forth described in connection with the embodiment is included in at least
one embodiment. Thus, the appearances of the phrase “in one embodiment” or “in an
embodiment” or “in one implementation” or “in an implementation”, as well any other
variations, appearing in various places throughout this document are not necessarily all

referring to the same embodiment.

Additionally, this document may refer to “determining” various pieces of information.
Determining the information can include one or more of, for example, estimating the
information, calculating the information, predicting the information, or retrieving the information
from memory.

Further, this document may refer to “accessing” various pieces of information. Accessing the
information can include one or more of, for example, receiving the information, retrieving the

information (for example, from memory), storing the information, processing the information,
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transmitting the information, moving the information, copying the information, erasing the
information, calculating the information, determining the information, predicting the

information, or estimating the information.

Additionally, this document may refer to “receiving” various pieces of information. Receiving
is, as with “accessing”, intended to be a broad term. Receiving the information can include
one or more of, for example, accessing the information, or retrieving the information (for
example, from memory). Further, “receiving” is typically involved, in one way or another,
during operations such as, for example, storing the information, processing the information,
transmitting the information, moving the information, copying the information, erasing the
information, calculating the information, determining the information, predicting the

information, or estimating the information.

Additionally, this document may refer to optimization and various embodiments do not need
to be fully optimized, some embodiments simply select a mode without an optimization in the

ordinary sense.

As will be evident to one of ordinary skill in the art, implementations can produce a variety of
signals formatted to carry information that can be, for example, stored or transmitted. The
information can include, for example, instructions for performing a method, or data produced
by one of the described implementations. For example, a signal can be formatted to carry the
bitstream of a described embodiment. Such a signal can be formatted, for example, as an
electromagnetic wave (for example, using a radio frequency portion of spectrum) or as a
baseband signal. The formatting can include, for example, encoding a data stream and
modulating a carrier with the encoded data stream. The information that the signal carries can
be, for example, analog or digital information. The signal can be transmitted over a variety of
different wired or wireless links, as is known. The signal can be stored on a processor-

readable medium.

We have described a number of embodiments. These embodiments provide, at least, for
the following generalized inventions and claims, including all combinations, across various

different claim categories and types:

¢ Modifying the luma and chroma coding trees applied in the decoder and/or encoder.

¢ Combining an interleaved luma/chroma coding and a separated luma/chroma coding
applied in the decoder and/or encoder.

¢ Combining an interleaved luma/chroma coding and a separated luma/chroma coding
wherein the a separated luma/chroma coding is controlled by an information relative

to a constraint on the decoding unit pipeline applied in the decoder and/or encoder.
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Jointly deciding, encoding and signaling the Luma and Chroma coding trees from the
maximum allowed block size (CTU size) down to a given block size or up to a given
CU depth level and independently deciding, encoding and signaling the Luma and
Chroma coding trees for blocks which size is below the given block size or block over
the given CU depth level.

Switching from an interleaved luma/chroma coding to a separated luma/chroma
coding, according to the block size associated to the processed coding tree node, or
according to the depth level of the coding tree node being encoded/decoded.
Enabling several partially shared luma and chroma coding trees methods in the
decoder and/or encoder.

Selecting, based on some syntax elements, the luma and chroma coding trees to apply
at the decoder.

Creating and/or transmitting and/or receiving and/or decoding a bitstream or signal that
includes one or more of the described encoded luma/chroma components, or
variations thereof.

A TV, set-top box, cell phone, tablet, or other electronic device that performs
encoding/decoding enabling partially shared luma and chroma coding trees methods
according to any of the embodiments described.

A TV, set-top box, cell phone, tablet, or other electronic device that performs
encoding/decoding enabling partially shared luma and chroma coding trees methods
according to any of the embodiments described, and that displays (e.g. using a
monitor, screen, or other type of display) a resulting image.

ATV, set-top box, cell phone, tablet, or other electronic device that tunes (e.g. using a
tuner) a channel to receive a signal including an encoded image, and performs
decoding enabling partially shared luma and chroma coding trees methods according
to any of the embodiments described.

ATV, set-top box, cell phone, tablet, or other electronic device that receives (e.g. using
an antenna) a signal over the air that includes an encoded image, and performs
decoding enabling partially shared luma and chroma coding trees methods according

to any of the embodiments described.

Various other generalized, as well as particularized, inventions and claims are also
supported and contemplated throughout this disclosure.
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CLAIMS

1. A method for decoding a video comprising:

- determining (920) a partitioning tree structure corresponding to a partitioning process
of a block of an image of the video;

- decoding (930) said block based at least on said partitioning tree structure;

wherein said partitioning tree structure is partially shared between luma and chroma blocks.

2. A method for encoding a video comprising:

- determining (720) a partitioning tree structure corresponding to a partitioning process
of a block of an image of the video;

- coding (730) said block based at least on said partitioning tree structure;

wherein said partitioning tree structure is partially shared between luma and chroma blocks.

3. A video decoding apparatus comprising one or more processors configured to perform:
- determining a partitioning tree structure corresponding to a partitioning process of a
block of an image of the video;

- decoding said block based at least on said partitioning tree structure;

wherein said partitioning tree structure is partially shared between luma and chroma blocks.

4, A video encoding apparatus comprising one or more processors configured to perform:
- determining a partitioning tree structure corresponding to a partitioning process a block
of an image of the video,

- coding said block based at least on said partitioning tree structure,

wherein said partitioning tree structure is partially shared between luma and chroma blocks.

5. The method according to claim 1 or 2, or the apparatus according to claim 3 or 4,
wherein a single partitioning tree structure is shared between luma and chroma blocks from a
root node of the partitioning tree down to a switching node and a dual partitioning tree structure
is determined for luma and chroma blocks from the switching node down to a leaf node of the

partitioning tree.

6. The method according to any of claims 1, 2 or 5, or the apparatus according to any of
claims 3, 4 or 5, wherein the partially shared partitioning tree structure is used for coding or
decoding a block belonging to a part of the video image coded in Intra.
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7. The method according to any of claims 1, 2 or 5, or the apparatus according to any of
claims 3, 4 or 5, wherein the partially shared partitioning tree structure is used for coding or
decoding a block belonging to a part of the video image coded in Inter.

8. The method according to any of claims 1, 2 or 5-7, or the apparatus according to any
of claims 3, 4-7, wherein the switching node is implicitly determined.

9. The method according to any of claims 1, 2, 5-8 or the apparatus according to any of
claims 3, 4-8, wherein said switching block node is determined based on a partitioning block

size.

10. The method according to claim 9 or the apparatus according to claim 9 wherein said
partitioning block size is set to 64x64.

11. The method according to any of claims 1, 2 or 5-8, or the apparatus according to any
of claims 3, 4-8 wherein said switching node is determined based on a partitioning depth level.

12. The method according to claim 11, or the apparatus according to claim 11, wherein
said partitioning depth level is set to one depth of quad-tree split of the partitioning tree.

13. The method according to any of claims 1, 2 or 5-7, or the apparatus according to any
of claims 3 or 4-7, wherein the switching node is signaled.

14, A signal comprising data generated according to the coding method of claim 2 and any
of claims 5-13, or the apparatus of claim 4 and any of claims 5-13.

15. The signal of claim 14 wherein the data is interleaved based on a partitioning block

size.

16. A computer program comprising software code instructions for performing the method
according to any one of claims 1, 2 or 5 to 13, when the computer program is executed by a
processor.
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lterate on next sub CU

Obtain overall rate distortion
cost of current split mode
9
RDCost YCbCr(currSplitMode)

lterate on next candidate split
Mode

Select candidate split mode s*
with minimum overall RD cost
RDCost YCbCr(s *)

Search for best split mode s_|luma
for luma component in current CU
- s_luma, RDcost_luma

Search for best split mode s_chroma
for chroma components Cb/Cr in
current CU
- s_chroma, RDcost_CbCr

Compute overall rate distortion cost
RDcost YChCh(s_luma,s_chroma) result
ing from the choice of split modes
s_luma and s_chroma

Return overall rate distortion cost
Rdcost YChCr (s_luma, s_chroma) to
the parent calling process

Figure 8

S| END
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* Coding tree to process currCU with
size (w; h) and position (x; y)

» Decoding Pipeline Unit Size: DPU
(typically 64

es w or h higher than DPU no
size?

Parse joint luma/chroma split mode

- se{NO_SPLIT,QT_SPLIT ,HOR,VER, - -
HOR_TRIPLE,VER_TRIPLE} Parse luma sub-coding tree in
picture area corresponding to current
o/ coding tree currCU
\ S==NO_SPLIT >
921

yes

AN

Divide Large Coding Unit according to
Decoding Pipeline Unit size

Split currCU according to split mode s in

both Luma and Chroma components Parse chroma sub-coding tree in

picture area corresponding to current
coding tree currCU

currSubCU = first sub-coding tree of
current coding tree

Recursively apply current process on
curSubCu

lterate on next sub-coding tree of
currCU

S| END

Figure 10
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» Large CU to decde currCU with size
(w; k) and position (x; y

» Decoding Pipeline Unit Size: DPU

(typically 64)

* Intra predcition mode associated to

current CU

w or h strictly higher than no
DPU size?

yes

Spatially divide currCU in sub-blocks
(Tus) of width and height less or equal
to PDU

v

currTU = first TU in considered CU

!

Perform intra prediction of currTU for all
luma and chroma components

v

Decode residual blocks for all luma and
chroma components in current TU

Reconstruction all luma and chroma
transform blocks contained in current TU

!

Current TU =last TU in no Current TU = next TU in
currCu ? current CU

yes
END

Figure 11
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* CTUto decde currCTU with size
(W; H) and position (x; y)

+ Decoding Pipeline Unit Size: DPU
(typically 64

Spatially divide current CTU into decoding
units of size equal to the decoding pipeline unit

(typically 64x64)

v

Current decoding unit = first decoding

PCT/US2019/033262

unit issued from CTU division

V

For each luma transform block
contained in current decoding unit

Decode residual block(s) associated to
current luma transform block: inverse
quantization + inverse transform

N

Intra Prediction of current luma
transform block

Reconstruct current luma transform
block in current component (add
residual and predicted blocks)

¢

lterate on next decoding unit in current
CTU

For each chroma block contained in
current decoding unit

V

Decode residual blocks (Cb and Cr)
associated to current chroma block:
inverse quantization + inverse transform

v

Intra Prediction of current chroma
transform blocks

Reconstruct current chroma transform
blocks (add residual and predicted
blocks)

[terate on next decoding

unit in current CTU

END

Figure 12
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