9.3.3 [bookmark: _Ref531794831][bookmark: _Toc33624351]Binarization process
9.3.3.1 [bookmark: _GoBack]General
Input to this process is a request for a syntax element.
Output of this process is the binarization of the syntax element.
Table 126 specifies the type of binarization process associated with each syntax element and corresponding inputs.
[bookmark: _Ref24979544][bookmark: _Toc27218362]The specification of the truncated Rice (TR) binarization process, the truncated binary (TB) binarization process, the limited k-th order Exp-Golomb (TEGk) binarization process and the fixed-length (FL) binarization process are given in clauses 9.3.3.3 through 9.3.3.79.3.3.6, respectively. 

	[bookmark: _Ref348982529][bookmark: _Ref348982525][bookmark: _Toc415476494][bookmark: _Toc423602544][bookmark: _Toc423602718][bookmark: _Toc501130619][bookmark: _Toc503770627]Table 126 – Syntax elements and associated binarizations

	Syntax structure
	Syntax element
	Binarization

	
	
	Process
	Input parameters

	slice_data( )
	end_of_slice_one_bit
	FL
	cMax = 1

	
	end_of_tile_one_bit
	FL
	cMax = 1

	
	end_of_subset_one_bit
	FL
	cMax = 1

	coding_tree_unit( )
	alf_ctb_flag[ ][ ][ ]
	FL
	cMax = 1

	
	alf_use_aps_flag
	FL
	cMax = 1

	
	alf_luma_fixed_filter_idx
	TB
	cMax = 15

	
	alf_luma_prev_filter_idx
	TB
	cMax = slice_num_alf_aps_ids_luma − 1

	
	alf_ctb_filter_alt_idx[ ][ ][ ]
	TR
	cMax = alf_chroma_num_alt_filters_minus1, cRiceParam = 0

	
	alf_ctb_cc_cb_idc[ ][ ]
	TR
	cMax = ( alf_cc_cb_filters_signalled_minus1 + 1 ), cRiceParam = 0

	
	alf_ctb_cc_cr_idc[ ][ ]
	TR
	cMax = ( alf_cc_cr_filters_signalled_minus1 + 1 ), cRiceParam = 0

	sao( )
	sao_merge_left_flag
	FL
	cMax = 1

	
	sao_merge_up_flag
	FL
	cMax = 1

	
	sao_type_idx_luma
	TR
	cMax = 2, cRiceParam = 0

	
	sao_type_idx_chroma
	TR
	cMax = 2, cRiceParam = 0

	
	sao_offset_abs[ ][ ][ ][ ]
	TR
	cMax = ( 1  <<  ( Min( BitDepth, 10 ) − 5 ) ) − 1, cRiceParam = 0

	
	sao_offset_sign_flag[ ][ ][ ][ ]
	FL
	cMax = 1

	
	sao_band_position[ ][ ][ ]
	FL
	cMax = 31

	
	sao_eo_class_luma
	FL
	cMax = 3

	
	sao_eo_class_chroma
	FL
	cMax = 3

	coding_tree( )
	split_cu_flag
	FL
	cMax = 1

	
	split_qt_flag
	FL
	cMax = 1

	
	mtt_split_cu_vertical_flag
	FL
	cMax = 1

	
	mtt_split_cu_binary_flag
	FL
	cMax = 1

	
	mode_constraint_flag
	FL
	cMax = 1

	cod
ing_unit( )
	cu_skip_flag[ ][ ]
	FL
	cMax = 1

	
	pred_mode_ibc_flag
	FL
	cMax = 1

	
	pred_mode_plt_flag
	FL
	cMax = 1

	
	cu_act_enabled_flag
	FL
	cMax = 1

	
	pred_mode_flag
	FL
	cMax = 1

	
	intra_bdpcm_luma_flag
	FL
	cMax = 1

	
	intra_bdpcm_luma_dir_flag
	FL
	cMax = 1

	
	intra_mip_flag[ ][ ]
	FL
	cMax = 1

	
	intra_mip_transposed_flag[ ][ ]
	FL
	cMax = 1

	
	intra_mip_mode[ ][ ]
	TB
	cMax = (cbWidth = = 4  &&  cbHeight = = 4) ? 15 : ( ( (cbWith = = 4  | |  cbHeight = = 4)  | | (cbWith = = 8  &&  cbHeight = = 8) )? 7 : 5)

	
	intra_luma_ref_idx[ ][ ]
	TR
	cMax = 2, cRiceParam = 0

	
	intra_subpartitions_mode_flag
	FL
	cMax = 1

	
	intra_subpartitions_split_flag
	FL
	cMax = 1

	
	intra_luma_mpm_flag[ ][ ]
	FL
	cMax = 1

	
	intra_luma_not_planar_flag[ ][ ]
	FL
	cMax = 1

	
	intra_luma_mpm_idx[ ][ ]
	TR
	cMax = 4, cRiceParam = 0

	
	intra_luma_mpm_remainder[ ][ ]
	TB
	cMax = 60

	
	intra_bdpcm_chroma_flag
	FL
	cMax = 1

	
	intra_bdpcm_chroma_dir_flag
	FL
	cMax = 1

	
	cclm_mode_flag
	FL
	cMax = 1

	
	cclm_mode_idx
	TR
	cMax = 2, cRiceParam = 0

	
	intra_chroma_pred_mode
	9.3.3.89.3.3.7
	-

	
	general_merge_flag[ ][ ]
	FL
	cMax = 1

	
	inter_pred_idc[ x0 ][ y0 ]
	9.3.3.99.3.3.8
	cbWidth, cbHeight

	
	inter_affine_flag[ ][ ]
	FL
	cMax = 1

	
	cu_affine_type_flag[ ][ ]
	FL
	cMax = 1

	
	sym_mvd_flag[ ][ ]
	FL
	cMax = 1

	
	ref_idx_l0[ ][ ]
	TR
	cMax = NumRefIdxActive[ 0 ] − 1, cRiceParam = 0

	
	mvp_l0_flag[ ][ ]
	FL
	cMax = 1

	
	ref_idx_l1[ ][ ]
	TR
	cMax = NumRefIdxActive[ 1 ] − 1, cRiceParam = 0

	
	mvp_l1_flag[ ][ ]
	FL
	cMax = 1

	
	amvr_flag[ ][ ]
	FL
	cMax = 1

	
	amvr_precision_idx[ ][ ]
	TR
	cMax = ( inter_affine_flag  = =  0  &&  CuPredMode[ 0 ][ x0 ][ y0 ]  !=  MODE_IBC ) ? 2 : 1, cRiceParam = 0

	
	bcw_idx[ ][ ]
	TR
	cMax = NoBackwardPredFlag ? 4: 2, cRiceParam = 0

	
	cu_coded_flag
	FL
	cMax = 1

	
	cu_sbt_flag
	FL
	cMax = 1

	
	cu_sbt_quad_flag
	FL
	cMax = 1

	
	cu_sbt_horizontal_flag
	FL
	cMax = 1

	
	cu_sbt_pos_flag
	FL
	cMax = 1

	
	lfnst_idx
	TR
	cMax = 2, cRiceParam = 0

	
	mts_idx
	TR
	cMax = 4, cRiceParam = 0

	palette_coding( )
	palette_predictor_run
	EG0TEGk
	-k=0, maxPreExtLen=5, log2TransformRange=6

	
	num_signalled_palette_entries
	EG0TEGk
	-k=0, maxPreExtLen=4, log2TransformRange=5

	
	new_palette_entries
	FL
	cMax = ( 1  <<  BitDepth ) − 1

	
	palette_escape_val_present_flag
	FL
	cMax = 1

	
	palette_idx_idc
	9.3.3.13
	MaxPaletteIndex

	
	palette_transpose_flag
	FL
	cMax = 1

	
	copy_above_palette_indices_flag
	FL
	cMax = 1

	
	run_copy_flag
	FL
	cMax = 1

	
	palette_escape_val
	EG5TEGk
	k=5, maxPreExtLen=11, log2TransformRange=17

	merge_data( )
	regular_merge_flag[ ][ ]
	FL
	cMax = 1

	
	mmvd_merge_flag[ ][ ]
	FL
	cMax = 1

	
	mmvd_cand_flag[ ][ ]
	FL
	cMax = 1

	
	mmvd_distance_idx[ ][ ]
	TR
	cMax = 7, cRiceParam = 0

	
	mmvd_direction_idx[ ][ ]
	FL
	cMax = 3

	
	ciip_flag[ ][ ]
	FL
	cMax = 1

	
	merge_subblock_flag[ ][ ]
	FL
	cMax = 1

	
	merge_subblock_idx[ ][ ]
	TR
	cMax = MaxNumSubblockMergeCand − 1, cRiceParam = 0

	
	merge_gpm_partition_idx[ ][ ]
	FL
	cMax = 63

	
	merge_gpm_idx0[ ][ ]
	TR
	cMax = MaxNumGpmMergeCand − 1, cRiceParam = 0

	
	merge_gpm_idx1[ ][ ]
	TR
	cMax = MaxNumGpmMergeCand − 2, cRiceParam = 0

	
	merge_idx[ ][ ]
	TR
	cMax = ( CuPredMode[ 0 ][ x0 ][ y0 ]  !=  MODE_IBC ? MaxNumMergeCand : MaxNumIbcMergeCand ) − 1, cRiceParam = 0

	mvd_coding( )
	abs_mvd_greater0_flag[ ]
	FL
	cMax = 1

	
	abs_mvd_greater1_flag[ ]
	FL
	cMax = 1

	
	abs_mvd_minus2[ ]
	9.3.3.149.3.3.13
	-

	
	mvd_sign_flag[ ]
	FL
	cMax = 1

	transform_unit( )

	tu_y_coded_flag[ ][ ]
	FL
	cMax = 1

	
	tu_cb_coded_flag[ ][ ]
	FL
	cMax = 1

	
	tu_cr_coded_flag[ ][ ]
	FL
	cMax = 1

	
	cu_qp_delta_abs
	9.3.3.109.3.3.9
	-

	
	cu_qp_delta_sign_flag
	FL
	cMax = 1

	
	cu_chroma_qp_offset_flag
	FL
	cMax = 1

	
	cu_chroma_qp_offset_idx
	TR
	cMax = chroma_qp_offset_list_len_minus1, cRiceParam = 0

	
	transform_skip_flag[ ][ ][ ]
	FL
	cMax = 1

	
	tu_joint_cbcr_residual_flag[ ][ ]
	FL
	cMax = 1

	residual_coding( )
	last_sig_coeff_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_coeff_x_prefix  >>  1 ) − 1 ) − 1 )

	
	last_sig_coeff_y_suffix
	FL
	cMax = ( 1  <<  ( ( last_sig_coeff_y_prefix  >>  1 ) − 1 ) − 1 )

	
	sb_coded_flag[ ][ ]
	FL
	cMax = 1

	
	sig_coeff_flag[ ][ ]
	FL
	cMax = 1

	
	par_level_flag[ ]
	FL
	cMax = 1

	
	abs_level_gtx_flag[ ][ ]
	FL
	cMax = 1

	
	abs_remainder[ ]
	9.3.3.119.3.3.10
	cIdx, current sub-block index i, x0, y0, xC, yC, log2TbWidth, log2TbHeight

	
	dec_abs_level[ ]
	9.3.3.129.3.3.11
	cIdx, x0, y0, xC, yC, log2TbWidth, log2TbHeight

	
	coeff_sign_flag[ ]
	FL
	cMax = 1



9.3.3.5 [bookmark: _Ref522203422]k-th order Exp-Golomb binarization process
Inputs to this process is a request for a k-th order Exp-Golomb (EGk) binarization.
Output of this process is the EGk binarization associating each value symbolVal with a corresponding bin string.
The bin string of the EGk binarization process for each value symbolVal is specified as follows, where each call of the function put( X ), with X being equal to 0 or 1, adds the binary value X at the end of the bin string:
absV = Abs( symbolVal )
stopLoop = 0
do
	if( absV  >=  ( 1  <<  k ) ) {
		put( 1 )
		absV = absV − ( 1  <<  k )
		k++
	} else {
		put( 0 )			(1551)
		while( k− − )
			put( ( absV  >>  k ) & 1 )
		stopLoop = 1
	}
while( !stopLoop )
NOTE – The specification for the k-th order Exp-Golomb (EGk) code uses 1's and 0's in reverse meaning for the unary part of the Exp-Golomb code of k-th order as specified in clause 9.2.

9.3.3.6 [bookmark: _Ref2795896]Limited k-th order Exp-Golomb binarization process
Inputs to this process is a request for a limited k-th order Exp-Golomb (EGk) binarization, the Rice parameter riceParam, the variables log2TransformRange and maxPreExtLen.
Output of this process is the limited EGk binarization associating each value symbolVal with a corresponding bin string. 
The bin string of the limited EGk binarization process for each value symbolVal is specified as follows, where each call of the function put( X ), with X being equal to 0 or 1, adds the binary value X at the end of the bin string: 
codeValue = symbolVal  >>  riceParam
preExtLen = 0
while( ( preExtLen < maxPreExtLen )  &&  ( codeValue > ( ( 2  <<  preExtLen ) − 2 ) ) ) {
	preExtLen++
	put( 1 )
}
if( preExtLen  = =  maxPreExtLen ) 		(1552)
	escapeLength = log2TransformRange
else {
	escapeLength = preExtLen + riceParam
	put( 0 ) 
}
symbolVal = symbolVal − ( ( ( 1  <<  preExtLen ) − 1 )  <<  riceParam )
while( ( escapeLength− − ) > 0 )
	put( ( symbolVal  >>  escapeLength ) & 1 )

[bookmark: _Ref348967608][bookmark: _Toc415475967][bookmark: _Toc423599242][bookmark: _Toc423601746]9.3.3.9	Binarization process for cu_qp_delta_abs
Input to this process is a request for a binarization for the syntax element cu_qp_delta_abs.
Output of this process is the binarization of the syntax element.
The binarization of the syntax element cu_qp_delta_abs is a concatenation of a prefix bin string and (when present) a suffix bin string.
For the derivation of the prefix bin string, the following applies:
· The prefix value of cu_qp_delta_abs, prefixVal, is derived as follows:
prefixVal = Min( cu_qp_delta_abs, 5 )		(1553)
· The prefix bin string is specified by invoking the TR binarization process as specified in clause 9.3.3.3 for prefixVal with cMax = 5 and cRiceParam = 0.
When prefixVal is greater than 4, the suffix bin string is present and it is derived as follows:
· The suffix value of cu_qp_delta_abs, suffixVal, is derived as follows:
suffixVal = cu_qp_delta_abs − 5		(1554)
· The suffix bin string is specified by invoking the limited k-th order EGk binarization process as specified in clause 9.3.3.5 for suffixVal with the Exp-Golomb order k set equal to 0, maxPreExtLen set equal to 5 and log2TransformRange set equal to 5.

