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gono

Inputs to this process are:

— avariable predModelntra specifying the intra prediction mode,
— avariable nTbW specifying the transform block width,

— avariable nTbH specifying the transform block height,

a variable cldx specifying the colour component of the current block.
Output of this process is the modified intra prediction mode predModelntra.
The variables nW and nH are derived as follows:

— If IntraSubPartitionsSplitType is equal to ISP_NO_SPLIT or cldx is not equal to 0, the following applies:
nW =nTbW (8-97)
nH = nTbH (8-98)

— Otherwise ( IntraSubPartitionsSplitType is not equal to ISP_NO_SPLIT and cldx is equal to 0 ), the
following applies:

nW =nCbW (8-99)
nH = nCbH (8-100)

The variable whRatio is set equal to Abs( Log2( nW /nH ) ).
For non-square blocks (nW is not equal to nH), the intra prediction mode predModelntra is modified as
follows:

If all of the following conditions are true, predModelntra is set equal to ( predModelntra + 65 ).

—  nW is greater than nH
—  predModelntra is greater than or equal to 2
—  predModelntra is less than ( whRatio > 1) ? (8+2 *whRatio ) : 8

— Otherwise. if all of the following conditions are true, predModelntra is set equal to
( predModelntra — 67 ).

—  nH is greater than nW
-~ predModelntra is less than or equal to 66
- predModelntra is greater than ( whRatio > 1) ? (60 —2 * whRatio ) : 60
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residual_coding( x0, y0, log2TbWidth, log2 TbHeight, cldx ) {

if( ( sps_mis_enabled_flag &&
cu_sbt_flag && log2TbWidth<6 && log2TbHeight <6)
&& cldx==0 && log2TbWidth>4)

log2ZoToWidth = 4

else

log2ZoTbWidth = Min( log2ToWidth, 5 )

MaxCcbs = 2 * ( 1 << log2ToWidth ) * ( 1<< log2TbHeight )

if( ( sps_mts_cnabled_flag &&
cu_sbt_flag && log2TbWidth<6 && log2TbHeight <6 )
&& cldx==0 && log2TbHeight>4)

log2ZoTbHeight = 4

else

log2ZoTbHeight = Min( log2TbHeight, 5 )

if( log2TbWidth>0)

last_sig_coeff_x_prefix

if( log2TbHeight >0 )

last_sig_coeff_y_prefix

if( last_sig_coeff x prefix>3)

last_sig_coeff_x_suffix

if( last_sig_coeff_y_prefix>3)

last_sig_coeff_v_suffix

remBinsPass1 = ( ( 1 << ( log2TbWidth + log2TbHeight ) ) * 7 ) >>2

1og2SbW = ( Min( log2 TbWidth, log2TbHeight ) <2 ? 1 : 2)

10g2SbH = log2SbW

if( log2 ToWidth + log2 TbHeight > 3 ) {

if( log2TbWidth <2 ) {

log2SbW = log2TbWidth

log2SbH = 4 — log2SbW

} else if( log2TbHeight <2 ) {

log2SbH = log2 TbHeight

log2SbW = 4 — log2SbH

3

¥

mumSbCoeff = 1 << ( log2SbW + log2SbH )

lastScanPos = numSbCoeff

lastSubBlock = (1 << (log2TbWidth + log2TbHeight — ( log2SbW + log2SbH ) ) ) — 1

do {

ooooood
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oooooao
if( lastScanPos == 0){
lastScanPos = numSbCoeff
lastSubBlock— —
}
lastScanPos— —

xS = DiagScanOrder| log2 ToWidth — log2SbW ][ log2TbHeight — log2SbH |
[ lastSubBlock J[ 0]

yS = DiagScanOrder| log2TbWidth — log2SbW ][ log2TbHeight — log2SbH ]
[ lastSubBlock ][ 1]

XC = (xS <<1og2SbW ) + DiagScanOrder| log2SbW ][ log2SbH ][ lastScanPos ][ 0 ]

yC = (yS <<log2SbH ) + DiagScanOrder| log2SbW ][ log2SbH ][ lastScanPos |[ 1 |

} while( (xC != LastSignificantCoeffX) || (yC != LastSignificantCoeffY ))

cbWidth = CoWidth[ 0 ][ x0 ][ 0 |

cbHeight = CbHeight[ 0 ][ x0 ][ y0 ]

if( Min( log2TbWidth, log2TbHeight) >= 2 && sps_Ifnst_enabled flag == 1
&&

CuPredMode[ chType [ x0][y0] == MODE_INTRA &&
IntraSubPartitionsSplit[ x0 ][y0] == ISP_NO _SPLIT &&
(lintra_mip_flag[ x0 ][y0] || Min(log2TbWidth, log2TbHeight) >= 4) &&
Max( cbWidth, cbHeight) <= MaxTbSizeY &&

(cldx==0]|| (treeType == DUAL_TREE CHROMA &&
(cldx==1|] tu_chf cb[x0][y0]==0)))){
if( lastSubBlock == 0 && lastScanPos>0 &&
I(lastScanPos > 7 && (log2TbWidth==2 || log2TbWidth==3)

&& log2TbWidth == log2TbHeight ) )

Ifnst_idx[ x0 ][ v0 ]

}

if(cldx == 0 && Ifnst_idx[x0][y0]==0&&
(log2TbWidth <= 5) && (log2TbHeight <= 5) &&
( LastSignificantCoeffX < 16) && (LastSignificantCoeffY < 16)&&
( IntraSubPartitionsSplit[ x0 ][ y0 ] == ISP_NO_SPLIT) && (!cu_sbt flag)) {

if( ( ( CuPredMode[ chType ][ x0 ][ y0O ] ==MODE_INTER &&
sps_explicit_mis_inter_enabled_flag )
| | ( CuPredMode[ chType ][ x0 ][ y0 ] == MODE_INTRA &&
sps_explicit_mts_intra_enabled_flag) ))

tu_mts_idx[ x0 ][ yO ]

3

if( tu_mts idx[x0][y0]>0 && cldx==0 && log2TbWidth>4)

log2ZoTbWidth = 4

if(tu_mts_idx[x0][¥0]>0 && cldx==0 && log2TbHeight>4)

log2ZoTbHeight = 4

log2TbWidth = log2ZoTbWidth

log2 TbHeight = log2Zo TbHeight
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7.49.11 Residual coding semantics

last_sig_coeff_x_prefix specifies the prefix of the column position of the last significant coefficient in
scanning order within a transform block. The values of last_sig_coeff x_prefix shall be in the range of 0 to
(log2ZoTbWidth << 1)— 1, inclusive.

When last_sig_coeff x_prefix is not present, it is inferred to be 0.

last_sig_coeff_y_prefix specifies the prefix of the row position of the last significant coefficient in scanning
order within a transform block. The values of last_sig_coeff y_prefix shall be in the range of 0 to
( log2ZoTbHeight << 1) — 1, inclusive.

When last_sig_coeff_y_prefix is not present, it is inferred to be 0.
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Table 9-77 — Syntax elements and associated binarizations
residual_coding() | last sig _coefl’ x prefix TR cMax = (log2ZoTbWidth << 1)- 1, cRiceParam = 0
last_sig_coeff y_prefix TR cMax = (log2ZoTbHeight << 1)- 1, cRiceParam =0
last_sig_coeff x_suffix FL cMax = (1 << ((last_sig_coefl x prefix >> 1)-1))-1
last_sig_coefl v suffix FL cMax = (1 << ((last_sig coeff y prefix >> 1)-1))-1
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residual_coding( x0, v0, log2TbWidth, log2TbHeight. cldx ) {

if( log2TbWidth>0)
last_sig_coeff_x_prefix

if( log2TbHeight > 0 )
last_sig_coeff_y_prefix

if( last_sig_coeff x_prefix>3)

last_sig_coeff_x_suffix
if( last_sig_coeff v _prefix>3)
last_sig_coeff_y_suffix

cbWidth = CoWidth[ 0 ][ x0 ][ ¥0 ]
cbHeight = CbHeight[ 0 ][ x0 ][ y0 ]
if( Min( log2TbWidth, log2TbHeight) >= 2 && sps_lfnst_enabled flag == 1
&&
CuPredMode| chType ][ x0][y0] == MODE_INTRA &&
(lintra_mip_flag[ x0 ][y0] || Min(log2TbWidth, log2TbHeight) >= 4) &&
Max( cbWidth, cbHeight) <= MaxTbSizeY &&

(cldx==0]|| (treeType == DUAL TREE CHROMA &&
(cldx==1]]| tu_cbf cb[x0][¥0]==0)))){
if( lastSubBlock == 0 && lastScanPos>0 &&
!(lastScanPos > 7 && (log2TbWidth==2 || log2TbWidth==3)

&& log2 TbWidth = = log2TbHeight ) )
Ifnst_idx[ x0 ][ O |

3
if(cldx==0&& Ifnst_idx[ x0 ][ y0] ==0 &&
(log2TbWidth <= 5) && (log2TbHeight <= 5) &&
( LastSignificantCoeffX < 16 ) && (LastSignificantCoeffY < 16)&&
( IntraSubPartitionsSplit[ x0 ][ y0] == ISP_NO_SPLIT ) && (!cu_sbt_flag)) {
if( ( ( CuPredMode[ chType ][ x0 ][ y0O | == MODE_INTER &&
sps_explicit_mts_inter_enabled_flag )
| | ( CuPredMode[ chType ][ X0 ][ yO ] ==MODE_INTRA &&
sps_explicit_mts_intra_enabled_flag)))
tu_mts_idx[ x0 ][ yO ]
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coding_unit( x0, y0, cbWidth, cbHeight, cqtDepth, treeType, modeType ) {

Descript
or

ae(v)

LinstDcOnly = 1

LinstZeroOutSigCoeffFlag = 1

transform_tree( x0, y0, cbWidth, cbHeight, treeType )

IfnstWidth = ( treeType == DUAL_TREE_CHROMA) ? ¢bWidth/ SubWidthC
. ( IntraSubPartitionsSplitType ==
ISP VER SPLIT) ? cbWidth/NumintraSubPartitions : cbWidth

IfnstHeight = ( treeType == DUAL_TREE _CHROMA ) ? cbHeight / SubHeightC
: ( IntraSubPartitionsSplitType ==
ISP HOR SPLIT) ? cbHeight / NumIntraSubPartitions : cbHeight

if¢ Min( IfnstWidth, IfnstHeight ) >=4 && sps_lfnst_cnabled_flag == 1 &&
CuPredMode[ chType [ x0 ][y0] == MODE_INTRA &&

(lintra_mip_flag[ x0 ][y0] || Min( IfnstWidth, IfnstHeight) >= 16) &&
Itransform_skip flag[ x0 ][ y0 ] && Max( cbWidth, cbHeight ) <= MaxTbSizeY) {

LinstZeroOutSigCocffFlag == 1)

if( ( IntraSubPartitionsSplitType ! =ISP_NO_SPLIT || LinstDcOnly== 0) &&

Mfnst_idx[ x0 |[ Y0 |

ae(v)

}

if( tu_cbf luma| x0 |[v0] && treeType != DUAL_TREE CHROMA &&
Ifnst_idx[ x0 ][ y0 ] ==0 && (cbWidth <= 32 ) && (cbHeight <= 32) &&
( IntraSubPartitionsSplit| x0 ][ v0] == ISP NO SPLIT) && (!cu sbt flag)) {

if( ( ( CuPredMode| chType ][ x0 ][ y0 ] == MODE_INTER &&
sps_explicit_mts_inter_enabled flag)
| | ( CuPredMode[ chType |[ x0 ][ y0 ] == MODE_INTRA &&
sps_explicit mts intra enabled flag)) )

tu_mts_idx] x0 ][ vO |

ae(v)
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residual_coding( x0, ¥0, log2TbWidth, log2 TbHeight, cldx ) { Descrip
tor

if( ( sps_mts_cnabled flag &&
cu_sbt_flag && log2TbWidth<6 && log2TbHeight <6 )
&& cldx==0 && log2TbWidth>4)

log2ZoTbWidth = 4
else
log2ZoTbWidth = Min( log2TbWidth, 5 )
MaxCcbs =2 * ( 1 <<log2TbWidth ) * ( 1<<log2TbHeight )

if( ( sps_mts_enabled_flag &&
cu_sbt_flag && log2TbWidth<6 && log2TbHeight <6)
&& cldx==0 && log2TbHeight>4)

log2ZoTbHeight = 4
else

log2ZoTbHeight = Min( log2TbHeight, 5 )
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if( log2ToWidth >0 )

last_sig_coeff_x_prefix ae(v)
if( log2TbHeight > 0 )

last_sig_coeff_y_prefix ae(v)
if{ last_sig_coeff x_prefix>3)

last_sig_coeff_x_suffix ae(v)
if( last_sig_coeff_y_prefix >3 )

last_sig_coeff_y_suffix ae(v)

log2TbWidth = log2ZoTbWidth
log2TbHeight = log2ZoTbHeight
remBinsPass1 = ( ( 1 << (log2TbWidth + log2TbHeight ) ) * 7 ) >> 2
log2SbW = ( Min( log2TbWidth, log2TbHeight )<2 ? 1 : 2)
log2SbH = log2SbW
if( log2TbWidth + log2TbHeight > 3 ) {
if( log2TbWidth<2) {
log2SbW = log2 TbWidth
log2SbH = 4 — log2SbW
} else if( log2 TbHeight <2 ) {
log2SbH = log2TbHeight
log2SbW = 4 — log2SbH
}
3
numSbCoeff = 1 << ( log2SbW + log2SbH )
lastScanPos = numSbCoeff
lastSubBlock = (1 << ( log2TbWidth + log2 TbHeight — ( log2SbW +log2SbH ) )) — 1

do {
if( lastScanPos == 0){
lastScanPos = numSbCoeff
lastSubBlock— —
}
lastScanPos— —

xS = DiagScanOrder[ log2TbWidth — log2SbW ][ log2TbHeight — log2SbH |
[ lastSubBlock ][ 0 ]

yS = DiagScanOrder[ log2TbWidth — log2SbW ][ log2 TbHeight — log2SbH ]
[ lastSubBlock ][ 1 |

xC = (xS <<log2SbW ) + DiagScanOrder| log2SbW ][ log2SbH ][ lastScanPos ][ 0 ]
yC = (yS << log2SbH ) + DiagScanOrder| log2SbW ][ log2SbH ][ lastScanPos ][ 1]
} while( (xC != LastSignificantCoeffX) || (yC != LastSignificantCoeffY ))

if( lastSubBlock == 0 && log2TbWidth >= 2 && log2TbHeight >= 2
&&

Itransform_skip_flag[ x0][y0] && lastScanPos > 0)
LfnstDcOnly =0

if( (lastSubBlock >0 && log2ToWidth>=2 && log2TbHeight>=2) ||
(lastScanPos >7 && (log2TbWidth==2 || log2TbWidth==3) &&
log2TbWidth = = log2 TbHeight ) )

LfnstZeroOutSigCoeffFlag =0
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coding_unit( x0, y0, coWidth. cbHeight, cqtDepth, treeType, modeType ) {

Descrip
tor

ae(v)

iR cu_cbf) {

LfnstDcOnly = 1

LinstZeroOutSigCoeffFlag = 1

LumaLastSignificantCoeffX = 0

LumaLastSignificantCoeffY 0

]

transform_tree( x0, y0, cbWidth. cbHeight, treeType )

IfnstWidth = ( treeType == DUAL_TREE CHROMA) ? cbWidth/ SubWidthC
: ( IntraSubPartitionsSplitType ==
ISP_VER_SPLIT) ? cbWidth / NumIntraSubPartitions : cbWidth

IfnstHeight = ( treeType == DUAL_TREE_CHROMA ) ? cbHeight / SubHeightC
: (IntraSubPartitionsSplitType ==
ISP_HOR_SPLIT) ? cbHeight / NumIntraSubPartitions : cbHeight

if( Min( IfnstWidth, IfnstHeight) >=4 && sps_lfnst_enabled _flag == 1 &&
CuPredMode[ chType [ x0 J[y0] == MODE_INTRA &&
( lintra_mip_flag] x0 |[y0] || Min(lfnstWidth, IfnstHeight) >= 16) &&
Itransform_skip_flag[ x0 J[ y0 ] && Max( cbWidith, cbHeight) <= MaxTbSizeY) {

if( ( IntraSubPartitionsSplitType ! =ISP_NO_SPLIT || LfnstDcOnly== 0) &&
LinstZeroOutSigCoeffFlag == 1)

Ifnst_idx[ x0 ][ y0 ]

ae(v)

}

if( tu_cbf luma[x0][y0] && treeType != DUAL_TREE CHROMA &&
Ifnst_idx[ x0 ][ y0 ] == 0 && (cbWidth <= 32 ) && ( cbHeight <= 32 ) &&
( LumalLastSignificantCoeffX < 16) && (LumaLastSignificantCoeffY < 16) &&
( IntraSubPartitionsSplit] x0 ][y0 ] == ISP_NO SPLIT) && (!cu sbt flag)) {

if( ( ( CuPredMode[ chType ][ x0 ][ ¥0 ] ==MODE_INTER &&
sps_explicit_mts_inter_enabled flag )
| | ( CuPredMode[ chType ][ x0 ][ yO ] == MODE_INTRA &&
sps explicit mts intra enabled flag)))

tu_mts_idx[ x0 ][ y0 ]

ac(v)
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goooao

coding_unit( x0, y0. cbWidth, cbHeight, cqtDepth, treeType, modeType ) {

LfnstDcOnly = 1

LinstZeroOutSigCocffFlag = |

MisZeroOutSigCocffFlag = 1

transform_tree( x0, y0, cbWidth, cbHeight, treeType )

IfnstWidth = (treeType == DUAL_TREE_CHROMA) ? cbWidth/ SubWidthC
: ( IntraSubPartitionsSplitType ==
ISP_VER_SPLIT) ? cbWidth/ NumintraSubPartitions : cbWidth

IfnstHeight = (treeType == DUAL_TREE CHROMA) ? cbHeight / SubHeightC
: ( IntraSubPartitionsSplitType ==
ISP_HOR_SPLIT) ? cbHeight / NumIntraSubPartitions : cbHeight

if( Min( IfnstWidth, IfnstHeight ) >=4 && sps_lfnst_cnabled flag == 1 &&
CuPredMode| chType ][ x0 ][y0] == MODE_INTRA &&
(lintra_mip_flag[ x0 ][ y0] || Min( IfnstWidth, IfnstHeight) >= 16) &&
Max( cbWidth, cbHeight) <= MaxTbSizeY) {

if( ( IntraSubPartitionsSplitType ! =ISP_NO_SPLIT || LfnstDcOnly == 0)&&
LfnstZeroOutSigCoeffFlag == 1)

Ifnst_idx[ x0 ][ y0 ]

}

if( treeType != DUAL_TREE CHROMA && lfnstidx[x0][y0]== 0 &&

transform_skip _flag[ x0][y0] == 0 && Max(cbWidth, cbHeight) <= 32 &&
IntraSubPartitionsSplit[ x0 ][ y0 ] == ISP_NO_SPLIT && ( !cu_sbt_flag ) &&
MitsZeroOutSigCoeffFlag == 1 && tu_cbf luma[ x0 |[y0]) {

if( ( ( CuPredMode[ chType ][ x0 ][ y0O ] == MODE_INTER &&
sps_explicit_mts_inter_enabled flag )
|| ( CuPredMode[ chType ][ x0 ][ y0 ] ==MODE_INTRA &&
sps_explicit_mts_intra_enabled flag)))

mts_idx[ x0 ][ y0 ]

oooooan
goooao

transform_unit( x0, y0, tbWidth, tbHeight, treeType, subTulndex, chType ) {

if(tu_cbf luma[ x0][y0] && treeType != DUAL_TREE CHROMA
&& (tbWidth <= 32) && (tbHeight <= 32)
&& (IntraSubPartitionsSplit[ x0 ][ y0 ] == ISP_NO _SPLIT) && (!cu_sbt flag)) §

if( sps_transform_skip enabled flag && !BdpcmFlag[x0][y0] &&
tbWidth <= MaxTsSize && tbHeight <= MaxTsSize)

transform_skip flag[ x0 ][ y0 ]
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residual_coding( x0, y0, log2TbWidth, log2TbHeight, cldx ) {

if( ( sps_mts_enabled flag &&
cu_sbt_flag && log2TbWidth<6 && log2TbHeight <6))
&& cldix==0 && log2TbWidth>4)

log2ZoTbWidth = 4

else

log2ZoTbWidth = Min( log2 ToWidth, 5 )

MaxCcbs = 2 * ( 1 <<log2TbWidth ) * ( 1<<log2TbHeight )

if( ( sps_mts_enabled_flag &&
cu_sbt_flag && log2TbWidth<6 && log2TbHeight<6))
&& cldx==0 && log2TbHeight>4)

log2ZoTbHeight = 4

else

log2ZoTbHeight = Min( log2TbHeight, 5 )

if( (lastSubBlock >0 && 1log2TbWidth>=2 && log2TbHeight>=2)

(lastScanPos>7 && (log2TbWidth==2 || log2TbWidth==3) &&

log2TbWidth = = log2TbHeight ) )

LfnstZeroOutSigCoeffFlag = 0

if( ( LastSignificantCoeffX > 15 || LastSignificantCoeffY > 15) && cldx==0)

MisZeroOutSigCoeffFlag = 0
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Syntax element

binldx

( treeType !=

SINGLE_TREE) ?

1 : 0
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