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Abstract

In this contribution, quantization matrix for HEVC is proposed. Since data size of quantization matrix, especially for large CU, is large and efficient encoding method to support quantization matrix is desired. The new compression method, including syntax modifications, to transmit quantization matrix efficiently is proposed. The proposal includes the following methods;

1) Define new NAL unit to transmit the parameters dynamically changes in bitstream and move such parameters, e.g. quantization matrix, from PS(Parameter Set) to new NAL unit. 

2) Support of quantization matrix in HEVC

3) Efficient encoding method of quantization matrix
The requirements and the current practices of quantization matrix is summarized in JCTVC-E056. The performance of proposed coding method of quantization matrix is also evaluated. Proposed method can provide 10 times more efficient, compared to the AVC quantization matrix method. In addition, It is confirmed that a subjective picture quality is improved by applying a quantization matrix to HEVC.
The software is implemented in HM 2.0 and the source code is attached to this contribution. For further study of quantization issues, it is proposed to create a common software by creating a branch at HM software SVN server. The attached software could be a starting point of the common software . The common test conditions for quantization issue should be defined during Geneva meeting.
1 Introduction
In existing coding standard, e.g. MPEG2 and AVC, quantization matrix is introduced to improve subjective quality. Quantization matrix is widely used in consumer and professional video products, e.g. video camera, Blu-Ray disc, etc. Such well establish method in the existing standard should be supported by HEVC. The requirements and the current practices of quantization matrix is reported in JCTVC-E056. 
In AVC, quantization matrix is encoded in SPS or PPS. However, it is necessary to encode quantization matrix in any time when values of PS are changed. In addition, it is necessary to encode PS in any time  when quantization matrix is changed. Therefore, data size to transmit a combination of PS and quantization matrix is increased.

In HM 2.0, transform and quantization block sizes are up to 32x32. Large block transforms can provide improved coding efficiency, however data size of quantization matrices becomes large. This overhead cannot be ignored for low-bit rate applications. Therefore, it is desirable to design a compact representation format for the quantization matrices of large block sizes.
In this contribution, the followings are proposed;

· Define new NAL unit to transmit the parameters dynamically changes in bitstream and move such parameters, e.g. quantization matrix, from PS(Parameter Set) to new NAL unit. 
· Support of quantization matrix in HEVC
· Efficient encoding method of quantization matrix
When the parameters, e.g. quantization matrix, in PS are changed dynamically in a bitstream, the data size is significantly increased. In some cases, the data size cannot be ignored (See JCTVC-E056). In that case, it is possible to reduce data size by moving such parameters from PPS to separate NAL unit. Therefore, new NAL is defined in order to reduce overhead. The performance of new coding method of quantization matrix is also evaluated. Proposed method can provide 10 times more efficient, compared to the AVC quantization matrix method. In addition, It is confirmed that a subjective picture quality is improved by applying a quantization matrix to HEVC.
2 Proposal
2.1 Transmission of quantization matrices by new NAL unit
New NAL unit, QMPS(Quantization Matrix Parameter Set), to transmit quantization matrices is proposed. As explained in the above, it is better to define new NAL unit to transmit the parameters which is changed dynamically in a bitstream. It is possible to transmit more than one QMPS NAL unit in a bitstream. Then the value of quantization matrices in QMPS NAL unit can be updated at each slice. To support this, an identifier, QMPS_ID (qmps_present_flag : 1bit + qmps_id ue()) is introduced in slice header.
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Figure 1: NAL unit structure to transmit quantization matrices

The detail syntax is summarized in Annex A.
2.2 Matrix representations

2.2.1 Multiplication representation
Two types of matrix representation are investigated in this contribution. One is multiplication representation, which is the same as MPEG-2 and AVC. The other is Delta QP representation.
In AVC, quantization matrix (LevelScale()) is defined as multiplication to QP in each frequency component as follows. 
“
If qP is greater than or equal to 36, the scaled result is derived as:
dcYij = ( fij * LevelScale4x4( qP % 6, 0, 0 ) ) << ( qP / 6 − 6 ),    with  i, j = 0...3
(8-325)

–
Otherwise (qP is less than 36), the scaled result is derived as:
dcYij = ( fij * LevelScale4x4( qP % 6, 0, 0 ) + ( 1 << ( 5 − qP / 6) ) ) >> ( 6 − qP / 6 ),    with  i, j = 0...3
(8-326)

“
LevelScale4x4() is defined as follows,

LevelScale4x4( m, i, j ) = weightScale4x4( i, j ) * normAdjust4x4( m, i, j )
where weightScale4x4() corresponds with quantization matrix proposed in this contribution.

2.2.2 Delta QP representation
Quantization matrix can change the actual quantization scale for each frequency component from QP value. In MPEG-2 and AVC, the value of matrix is defined from 0 to 255 as 8 bit unsigned integer. It corresponds with the actual quantization scale from 1/16 * QP to 16 * QP.
Quantization matrix in HEVC can be defined in the same way. In addition to that, new representation of matrix, which is referred to as “Delta QP representation”, is proposed in this contribution. In AVC and HEVC, QP is designed so that there is an increase of step size of about 12% from one QP to the next. Increase of QP by 6 means that the step size is about doubled. In this design, it is easy to convert multiplication to add/shift operation. In Delta QP representation, quantization matrix, 
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This QQP is for actual quantization for each frequency component. The example of quantization matrix in Delta QP representation is shown in Figure 2. 1/16 and 16 in multiplication representation is corresponds with -24 and 24 in Delta QP representation, respectively. Hereby the dynamic range of value of quantization matrix can be reduced to 6/8 of the multiplication representation. In this representation, the resolution of large value is decreased, but resolution of small value is increased. 
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Figure 2: Example of delta QP representation of matrix
2.3 Coding method of quantization matrix
2.3.1 Coding architecture
In AVC, quantization matrix is coded by DPCM. However, data size coded by DPCM will be large, because transform size is larger in HEVC. Data size of matrix coefficients was evaluated by experiments. It was found that data size is about 16 times larger than AVC (4x4 + 8x8), if matrix size is extended to 32x32. Therefore efficient coding method of quantization matrix is required in HEVC. 
The diagram of decoder of quantization matrix of the proposed algorithm is shown in Figure 3. The block diagram of encoder is shown in Figure 4. At the first step, each matrix coefficient is predicted. Three prediction modes are proposed in this contribution. Then residue is coded. In each mode, lossless and lossy coding are supported. Quantization of matrix coefficient is introduced. If quantization is not applied, then matrix can be coded in lossless. If quantization is applied, matrix coefficients are coded by lossy coding and data size can be reduced. 
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Figure 3: Block diagram of decoder
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Figure 4: Block diagram of encoder
2.3.2 Prediction
Three prediction modes, copy mode, axis mode, and DPCM mode, are proposed. The detail of each prediction mode is described in this sub-clause.

2.3.2.1 Copy mode

In this mode, current matrix coefficients are predicted from previously coded matrix coefficients. Previously coded matrix, which is referred by identifiers (QMPS_ID, SizeID, and MatrixID), is copied to the predictor. Then residue is calculated using this predictor. When the size of reference matrix is different from that of the current matrix, up-conversion or down-conversion of matrix is applied by linear interpolation. When the reference ID (QMPS_ID / SizeID / MatrixID) is equal to current ID, the default matrix is used for predictor. Example of copy mode is shown in Figure 5.
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Figure 5: Example of copy mode
2.3.2.2 Axis mode

In this mode, values of matrix coefficients in three axes (vertical, horizontal, and diagonal) are coded, and other coefficients are predicted by linear interpolation as shown in Figure 6. Two types of coding method of matrix coefficients in three axes are used. One is Axis DPCM mode and the other is Axis interpolation mode.

In Axis DPCM mode, matrix coefficients in each three axes are coded DPCM respectively.

In Axis interpolation mode, the first matrix coefficient and the last coefficient in each three axes are coded. Then other matrix coefficients in three axes are reconstructed by bi-linear interpolation. 
The reconstruction process of matrix coefficients in axes mode is summarized as follows. 

Step 1: Reconstruction of the vertical axis

Step 2: Reconstruction of horizontal axis

Step 3: Reconstruction of diagonal axis

Step 4: Reconstruct other matrix coefficients by interpolation
When the values of matrix coefficients in horizontal axis is equal to those in vertical axis, “symmetry coding” is applied. In the “symmetry coding”, values in horizontal axis are copy copied from those in vertical axis.
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Figure 6: Example of axis mode

2.3.2.3 DPCM mode

In this mode, matrix coefficients are coded by DPCM, like AVC. Matrix coefficients are coded by DPCM in zigzag scan order. Quantization can be applied after DPCM.
2.3.3 Residual coding

2.3.3.1 Coding of residual signal
In case of copy mode and axis mode, residual error of prediction can be coded. Residual error is quantized for lossy coding. Block diagram of residual coding is shown in Figure 7. Residual error of prediction is coded either DPCM coding or run length coding. In DPCM, residual error of prediction is coded using DPCM in raster scan order by VLC. In run length coding, residual error of prediction is converted to combination of zero run and level (the value of non-zero value) in zigzag scan order. Each zero run and level is coded by VLC respectively.
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Figure 7: Block diagram of residual decoding
2.3.3.2 Quantization

Quantization can be applied for the residual error signal of matrix coefficients or a DPCM signal. Matrix coefficients are classified into four domains as shown in Figure 8. Figure 8 is an example for 8x8 matrix. Index is used to refer to each domain and different quantization scale can be used. The same quantization scale in each frequency domain is used for all transform size, e.g. 4x4, 8x8, 16x16 and 32x32, within one QMPS.

[image: image10]
Figure 8: Quantization domain index (8x8)

2.3.3.3 Symmetry coding

When matrix or the residual error signal of matrix is symmetry, symmetry coding is applied. An example of symmetry coding is shown in Figure 9. Only blue part of the matrix is coded in bitstream and the symmetric part does not coded. The symmetric part is copied from coded matrix coefficient using symmetry. 

[image: image11]
Figure 9: Example of Symmetry coding
2.3.4 VLC

DPCM coding signal and run length coding signal are coded by one of the 11 VLC tables defined in LCEC. The indicator to select VLC table is explicitly signaled in a bitstream. Different VLC table can be used for DPCM, zero run, and level. Compression efficiency can be further improved by using UVLC, when all input signals are unsigned.

Example:

CodeNum : 15 → ex-golomb : 9bit(000010000) / VLC4 : 5bit(11111)
3 Simulation results
3.1 Quantization matrices
Default matrices are defined by extended the default matrices in AVC up to 32x32. The matrices are summarized in 9.1. 
The quantization matrices used for experiments are created by extending the matrices used in the AVC products in market up to 32x32.
Different quantization matrices for each 4x4/8x8/16x16/32x32 size can be used for Intra/Inter of Luma/Chroma respectively.
3.2 Test conditions
Proposal is implemented in HM 2.0 and the simulation results of coding performance are reported in this contribution. In the experiments, only the generated bits for matrix coefficients are compared. Proposed method is compared with AVC method (using DPCM). 
The test condition is summarized as followings.
Four types of test conditions are used in the experiments. The conditions are summarized in Table 1. The test conditions are classified by the combination of lossless or lossy coding and multiplication representation or delta QP representation. In Table 1, “Delta QP representation” ON/Off corresponds with delta QP representation and multiplication representation respectively. In case of lossy coding, quantization scale for matrix coefficients are set equal to 2. In the experiments, the values of Qscale0, Qscale1, Qscale2, and Qscale3 are set equal to 2.
“Cond1” corresponds with lossless coding for multiplication representation. “Cond4” supports highest compression efficiency of matrix, but coding error is larger than others.
	
	Quantization
	DeltaQP representation

	Cond1
	Lossless
	off

	Cond2
	2
	off

	Cond3
	Lossless
	on

	Cond4
	2
	on


Table 1: Simulation conditions

3.3 Objective results
The results are summarized in Table 2. Only the generated bits for luma is summarized in this table. The difference of compression ratio is summarized in Figure 10.
	
	AVC
	Cond1
	Cond2
	Cond3
	Cond4

	size
	intra
	inter
	intra
	inter
	intra
	inter
	intra
	inter
	intra
	inter

	
	GenBits
	GenBits
	GenBits
	Compression ratio[%]
	GenBits
	Compression ratio[%]
	GenBits
	Compression ratio[%]
	GenBits
	Compression ratio[%]
	GenBits
	Compression ratio[%]
	GenBits
	Compression ratio[%]
	GenBits
	Compression ratio[%]
	GenBits
	Compression ratio[%]

	4x4
	88
	66
	51
	58.0%
	44
	66.7%
	41
	46.6%
	34
	51.5%
	46
	52.3%
	37
	56.1%
	34
	51.5%
	30
	45.5%

	8x8
	310
	202
	98
	31.6%
	78
	38.6%
	76
	24.5%
	70
	34.7%
	86
	27.7%
	78
	38.6%
	62
	30.7%
	58
	28.7%

	16x16
	996
	586
	296
	29.7%
	256
	43.7%
	102
	10.2%
	70
	11.9%
	238
	23.9%
	192
	32.8%
	65
	11.1%
	82
	14.0%

	32x32
	2876
	1800
	571
	19.9%
	904
	50.2%
	116
	4.0%
	155
	8.6%
	606
	21.1%
	652
	36.2%
	53
	2.9%
	182
	10.1%

	Total
	4270
	2654
	1016
	23.8%
	1282
	48.3%
	335
	7.8%
	329
	12.4%
	976
	22.9%
	959
	36.1%
	214
	5.0%
	352
	13.3%

	
	Total Bits
	Total Bits
	Compression ratio[%]
	Total Bits
	Compression ratio[%]
	Total Bits
	Compression ratio[%]
	Total Bits
	Compression ratio[%]

	
	6924
	2298
	(33.2%)
	664
	(9.6%)
	1935
	(27.9%)
	566
	(8.2%)


Table 2: Simulation results
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Figure 10: Simulation results (compression ratio)

3.4 Discussions
The followings can be observed in the simulation results. “Cond1” can compress about 3times more efficient than AVC method in lossless coding mode. 
If lossless coding is not required, coding efficiency of quantization matrix can be improved upto 10 times more effcient by using “Cond2”. Although it is lossy coding, the error of reconstructed matrices is within ±1, because quantization scales for matrices are equal to 2. It can be said that error is small enough.In case of the matrices shown in 9.2, “Cond2” can encode 4x4, 8x8, 16x16 and 32x32 matrices using the same amount of bits for 4x4 and 8x8 matrices with AVC method.
“Cond3” can compress about 3.5 times more efficient than AVC method in lossless by using delata QP representation. 
“Cond4” can compress about 12 times more efficient than AVC method. The error due to the quantization of matrix coefficients is within 
[image: image13.wmf]1
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When bit rate is high enough, “Cond1” can be used with lossless coding of matrix coefficients. When bit rate is low and amount of overhead is an issue, “Cond4” can be recommended to use with high coding efficiency of matrix coefficients.

3.5 Subjective evaluation
One of the motivation to introduce quantization matrices is to improve subjective quality. The results of subjective quality improvement by introducing quantization matrces into HEVC are shown in this sub clause. The follows are the results with quantization matrix ON/OFF at the same bit rate.
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Figure 11: Results of quantization matrix on/off (Kimono)
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Quantization matrix off
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Figure 12: Results of quantization matrix on/off (Race Horses)
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Quantization matrix off
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Figure 13: Results of quantization matrix on/off (BasketballDrill)

It can be found that blocking artifacts is significantly decreased with quantization matrices. It is because quality of low frequency transform coefficients is improved by using quantization matrices. In addition, DC flickering is decreased overall and picture quality becomes stable. Although quality of high frequency transform coefficients is decreased, quality improvement of low frequency can improve overall subjective quality.
4 Complexity

Complexity of the proposed method is evaluated by the software implemented in HM2.0. Encoding and decoding time for quantization matrix ON/OFF was measured using class D sequences. To evaluate the most critical case, simulation time was compared for low complexity intra coding for 1 frame. This condition corresponds with the worst case (updating matrices at all frames). The impact on the simulation time is smaller for other cases, e.g. updating matrices at each random access point, etc. The comparison of simulation time is shown in Table 3. 
	
	Encoding time
	Decoding time

	Quantization matrix Off
	0.55
	0.01

	Quantization matrix ON
	0.56
	0.01

	Increased time
	1.8 %
	0 %


Table 3: Simulation time
5 Software

The software is implemented in HM 2.0 and the source code is attached to this contribution. It is desirable to develop a common software and to define common test conditions for further testing of quantization issues in HEVC development. It is proposed to create a common software by creating a branch at HM software SVN server. The attached software could be a starting point of the common software .
6 Conclusion

In this contribution, the followings are proposed;

· Define new NAL unit to transmit the parameters dynamically changes in bitstream and move such parameters, e.g. quantization matrix, from PS(Parameter Set) to new NAL unit. 

· Support of quantization matrix in HEVC

· Efficient encoding method of quantization matrix
The proposed algorithm provides 10 times higher compression efficiency compared with AVC method. Subjective quality is also evaluated. The benefit to use quantization matrix is confirmed.
The software is implemented in HM 2.0 and the source code is attached to this contribution. For further study of quantization issues, it is proposed to create a common software by creating a branch at HM software SVN server. The attached software could be a starting point of the common software . The common test confitions for quantization issue should be defined during Geneva meeting.
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8 Annex A: Proposed syntax and semantics

The detail syntax and semantics of proposed method is summarized in this Annex. 
	QuantizaionMatrixParameterSet(){
	code

	quantization_matrix_paramter_id
	ue

	use_default_only_flag
	1

	use_dqp_flag
	

	if(use_default_only_flag == 0){
	

	pred_present_flag
	1

	Qscale0
	ue

	Qscale1
	ue

	Qscale2
	ue

	Qscale3
	ue

	for(i=0;i<4;i++){
	

	for(j=0;j<6;j++){
	

	pred_mode
	ue

	if(pred_mode==0){
	

	pred_qmps_id
	ue

	pred_size_idc
	se

	pred_matrix_id
	se

	residual_flag
	1

	if(residual_flag){
	

	residual_matrix()
	

	}
	

	}elseif(pred_mode==1){
	

	dpcm_flag
	1

	if(dpcm_flag){
	

	nextcoef = use_dqp_flag ? -6 : 8
	

	for(i=0,i<Size;i++){
	

	delta_coef
	se

	nextcoef = nextcoef + delta_coef
	

	coef_vertical[i] = nextcoef
	

	}
	

	nextcoef = coef_horizontal[0] = coef_vertical[0]
	

	copy_from_vertical
	1

	if(copy_from_vertical != 0){
	

	for(i=1,i<Size;i++){
	

	delta_coef
	se

	nextcoef = nextcoef + delta_coef
	

	coef_horizontal[i] = nextcoef
	

	}
	

	}
	

	nextcoef = coef_diagonal[0] = coef_vertical[0]
	

	for(i=1,i<Size;i++){
	

	delta_coef
	se

	nextcoef = nextcoef + delta_coef
	

	coef_diagonal[i] = nextcoef
	

	}
	

	}else{ // Interpolation mode
	

	dc
	se

	horizontal_end
	se

	vertical_end
	se

	diagonal_end
	se

	}
	

	residual_flag
	1

	if(residual_flag){
	

	residual_matrix()
	

	}
	

	}else if(pred_mode==2){
	

	matrix_symmetry_flag
	1

	matrix_sign_flag
	

	matrix_dpcm_run_flag
	1

	vlc_table_data
	4

	if(matrix_dpcm_run_flag){
	

	vlc_table_run
	4

	}
	

	qmatrix()
	

	}
	

	}
	

	}
	

	}
	

	}
	


	residual_matrix(){
	code

	residual_symmetry_flag
	1

	residual_dpcm_flag
	1

	residual_run_flag
	1

	residual_sign_flag
	

	if(!residual_run_flag){
	

	vlc_table_data
	4

	nextcoef = 0
	

	for(i=0,i<coefNum;i++){
	

	delta_coef
	svlc | uvlc(vlc_table_data)

	nextcoef = nextcoef + delta_coef
	

	coef[i] = nextcoef
*Qscale
	

	}
	

	}else{
	

	vlc_table_data
	4

	vlc_table_run
	4

	next_pos = 0
	

	while(last_pos==0){
	

	run
	uvlc(vlc_table_run)

	data
	svlc | uvlc(vlc_table_data)

	coef[next_pos+run] = data
*Qscale
	

	next_pos += run+1
	

	if(uiSize <= next_pos){
	

	last_pos = 1;
	

	}else{
	

	last_pos = 0;
	

	}
	

	}
	

	}
	

	}
	


	qmatrix(){
	code

	if(!matrix_dpcm_run_flag){
	

	nextcoef = use_dqp_flag ? 0 : 8
	

	for(i=0,i<coefNum;i++){
	

	delta_coef
	svlc | uvlc(vlc_table_data)

	nextcoef = nextcoef + delta_coef
 * Qscale
	

	coef[i] = nextcoef
	

	}
	

	}else{
	

	next_pos = 0
	

	while(last_pos==0){
	

	run
	uvlc(vlc_table_run)

	data
	svlc | uvlc(vlc_table_data)

	coef[next_pos+run] = data*Qscale
	

	next_pos += run+1
	

	if(uiSize <= next_pos){
	

	last_pos = 1;
	

	}else{
	

	last_pos = 0;
	

	}
	

	}
	

	}
	

	}
	


Table 4: QMPS syntax

9 Annex B: Default and tested matrices
9.1 Default matrix
The default quantization matrices are summarized in this sub clause.
	Intra4x4
	
	Inter4x4

	6
	13
	20
	28
	
	10
	14
	20
	24

	13
	20
	28
	32
	
	14
	20
	24
	27

	20
	28
	32
	37
	
	20
	24
	27
	30

	28
	32
	37
	42
	
	24
	27
	30
	34


Table 5: Default matrix for 4x4

	Intra8x8
	
	Inter8x8

	6
	10
	13
	16
	18
	23
	25
	27
	
	9
	13
	15
	17
	19
	21
	22
	24

	10
	11
	16
	18
	23
	25
	27
	29
	
	13
	13
	17
	19
	21
	22
	24
	25

	13
	16
	18
	23
	25
	27
	29
	31
	
	15
	17
	19
	21
	22
	24
	25
	27

	16
	18
	23
	25
	27
	29
	31
	33
	
	17
	19
	21
	22
	24
	25
	27
	28

	18
	23
	25
	27
	29
	31
	33
	36
	
	19
	21
	22
	24
	25
	27
	28
	30

	23
	25
	27
	29
	31
	33
	36
	38
	
	21
	22
	24
	25
	27
	28
	30
	32

	25
	27
	29
	31
	33
	36
	38
	40
	
	22
	24
	25
	27
	28
	30
	32
	33

	27
	29
	31
	33
	36
	38
	40
	42
	
	24
	25
	27
	28
	30
	32
	33
	35


Table 6: Default matrix for 8x8

	Intra16x16 
	
	Inter16x16 

	6
	8
	10
	12
	13
	15
	16
	17
	18
	20
	23
	24
	25
	26
	27
	27
	
	9
	11
	13
	14
	15
	16
	17
	18
	19
	20
	21
	21
	22
	23
	24
	24

	8
	9
	10
	12
	14
	16
	16
	18
	20
	22
	24
	25
	26
	27
	28
	28
	
	11
	12
	13
	14
	16
	17
	18
	19
	20
	20
	21
	22
	23
	24
	24
	24

	10
	10
	11
	14
	16
	17
	18
	20
	23
	24
	25
	26
	27
	28
	29
	29
	
	13
	13
	13
	15
	17
	18
	19
	20
	21
	21
	22
	23
	24
	25
	25
	25

	12
	12
	14
	15
	17
	18
	21
	22
	24
	25
	26
	27
	28
	29
	30
	30
	
	14
	14
	15
	16
	18
	19
	20
	21
	22
	22
	23
	24
	25
	26
	26
	26

	13
	14
	16
	17
	18
	20
	23
	24
	25
	26
	27
	28
	29
	30
	31
	31
	
	15
	16
	17
	18
	19
	20
	21
	21
	22
	23
	24
	24
	25
	26
	27
	27

	15
	16
	17
	18
	20
	22
	24
	25
	26
	27
	28
	29
	30
	31
	32
	32
	
	16
	17
	18
	19
	20
	21
	21
	22
	23
	24
	25
	25
	26
	27
	28
	28

	16
	16
	18
	21
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	33
	
	17
	18
	19
	20
	21
	21
	22
	23
	24
	25
	25
	26
	27
	28
	28
	28

	17
	18
	20
	22
	24
	25
	26
	27
	28
	29
	30
	31
	32
	34
	35
	35
	
	18
	19
	20
	21
	21
	22
	23
	24
	25
	25
	26
	27
	28
	29
	29
	29

	18
	20
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	35
	36
	36
	
	19
	20
	21
	22
	22
	23
	24
	25
	25
	26
	27
	27
	28
	29
	30
	30

	20
	22
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	35
	36
	37
	37
	
	20
	20
	21
	22
	23
	24
	25
	25
	26
	27
	28
	28
	29
	30
	31
	31

	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	36
	37
	38
	38
	
	21
	21
	22
	23
	24
	25
	25
	26
	27
	28
	28
	29
	30
	31
	32
	32

	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	37
	38
	39
	39
	
	21
	22
	23
	24
	24
	25
	26
	27
	27
	28
	29
	30
	31
	32
	32
	32

	25
	26
	27
	28
	29
	30
	31
	32
	33
	35
	36
	37
	38
	39
	40
	40
	
	22
	23
	24
	25
	25
	26
	27
	28
	28
	29
	30
	31
	32
	33
	33
	33

	26
	27
	28
	29
	30
	31
	32
	34
	35
	36
	37
	38
	39
	40
	41
	41
	
	23
	24
	25
	26
	26
	27
	28
	29
	29
	30
	31
	32
	33
	34
	34
	34

	27
	28
	29
	30
	31
	32
	33
	35
	36
	37
	38
	39
	40
	41
	42
	42
	
	24
	24
	25
	26
	27
	28
	28
	29
	30
	31
	32
	32
	33
	34
	35
	35

	27
	28
	29
	30
	31
	32
	33
	35
	36
	37
	38
	39
	40
	41
	42
	42
	
	24
	24
	25
	26
	27
	28
	28
	29
	30
	31
	32
	32
	33
	34
	35
	35


Table 7: Default matrix for 16x16

	Intra32x32

	6
	7
	8
	9
	10
	11
	12
	12
	13
	14
	15
	16
	16
	17
	17
	17
	18
	19
	20
	22
	23
	24
	24
	24
	25
	25
	26
	27
	27
	27
	27
	27

	7
	7
	8
	9
	10
	12
	12
	13
	13
	14
	15
	16
	16
	17
	17
	18
	19
	20
	21
	22
	23
	24
	24
	24
	25
	25
	26
	27
	27
	27
	27
	27

	8
	8
	9
	9
	10
	12
	13
	14
	14
	15
	16
	16
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	25
	25
	26
	26
	27
	28
	28
	28
	28
	28

	9
	9
	9
	9
	10
	12
	14
	15
	15
	16
	17
	16
	17
	18
	19
	21
	22
	23
	23
	24
	25
	26
	26
	26
	27
	27
	28
	29
	29
	29
	29
	29

	10
	10
	10
	10
	11
	12
	14
	15
	16
	17
	17
	17
	18
	19
	20
	22
	23
	24
	24
	24
	25
	26
	26
	27
	27
	27
	28
	29
	29
	29
	29
	29

	11
	12
	12
	12
	12
	13
	14
	16
	17
	17
	17
	18
	20
	21
	21
	23
	24
	25
	25
	24
	26
	27
	27
	28
	28
	28
	29
	30
	30
	30
	30
	30

	12
	12
	13
	14
	14
	14
	15
	16
	17
	17
	18
	20
	21
	22
	22
	23
	24
	25
	25
	25
	26
	27
	27
	28
	28
	28
	29
	30
	30
	30
	30
	30

	12
	13
	14
	15
	15
	16
	16
	16
	17
	18
	19
	21
	22
	23
	23
	23
	24
	25
	25
	26
	27
	28
	28
	28
	29
	29
	30
	31
	31
	31
	31
	31

	13
	13
	14
	15
	16
	17
	17
	17
	18
	19
	20
	22
	23
	24
	24
	24
	25
	26
	26
	27
	27
	28
	28
	29
	29
	29
	30
	31
	31
	31
	31
	31

	14
	14
	15
	16
	17
	17
	17
	18
	19
	20
	21
	23
	24
	25
	25
	24
	26
	27
	27
	28
	28
	29
	29
	29
	30
	30
	31
	32
	32
	32
	32
	32

	15
	15
	16
	17
	17
	17
	18
	19
	20
	21
	22
	23
	24
	25
	25
	25
	26
	27
	27
	28
	28
	29
	29
	30
	30
	30
	31
	32
	32
	32
	32
	32

	16
	16
	16
	16
	17
	18
	20
	21
	22
	23
	23
	23
	24
	25
	25
	26
	27
	28
	28
	28
	29
	30
	30
	31
	31
	30
	31
	32
	32
	32
	32
	32

	16
	16
	16
	17
	18
	20
	21
	22
	23
	24
	24
	24
	25
	26
	26
	27
	27
	28
	28
	29
	29
	30
	30
	31
	31
	31
	32
	33
	33
	33
	33
	33

	17
	17
	17
	18
	19
	21
	22
	23
	24
	25
	25
	25
	26
	27
	27
	28
	28
	29
	29
	30
	30
	30
	31
	31
	32
	32
	33
	34
	34
	34
	34
	34

	17
	17
	18
	19
	20
	21
	22
	23
	24
	25
	25
	25
	26
	27
	27
	28
	28
	29
	29
	30
	30
	31
	31
	31
	32
	33
	34
	35
	35
	35
	35
	35

	17
	18
	19
	21
	22
	23
	23
	23
	24
	24
	25
	26
	27
	28
	28
	28
	29
	30
	30
	31
	31
	32
	32
	31
	32
	34
	35
	36
	36
	36
	36
	36

	18
	19
	20
	22
	23
	24
	24
	24
	25
	26
	26
	27
	27
	28
	28
	29
	29
	30
	30
	31
	31
	32
	32
	32
	33
	34
	35
	36
	36
	36
	36
	36

	19
	20
	21
	23
	24
	25
	25
	25
	26
	27
	27
	28
	28
	29
	29
	30
	30
	31
	31
	32
	32
	32
	33
	33
	34
	35
	35
	36
	36
	36
	36
	36

	20
	21
	22
	23
	24
	25
	25
	25
	26
	27
	27
	28
	28
	29
	29
	30
	30
	31
	31
	32
	32
	32
	33
	34
	35
	36
	36
	37
	37
	37
	37
	37

	22
	22
	23
	24
	24
	24
	25
	26
	27
	28
	28
	28
	29
	30
	30
	31
	31
	32
	32
	33
	33
	32
	34
	35
	36
	37
	37
	38
	38
	38
	38
	38

	23
	23
	24
	25
	25
	26
	26
	27
	27
	28
	28
	29
	29
	30
	30
	31
	31
	32
	32
	33
	33
	33
	34
	35
	36
	37
	37
	38
	38
	38
	38
	38

	24
	24
	25
	26
	26
	27
	27
	28
	28
	29
	29
	30
	30
	30
	31
	32
	32
	32
	32
	32
	33
	33
	34
	35
	36
	38
	38
	39
	39
	39
	39
	39

	24
	24
	25
	26
	26
	27
	27
	28
	28
	29
	29
	30
	30
	31
	31
	32
	32
	33
	33
	34
	34
	34
	35
	36
	37
	38
	38
	39
	39
	39
	39
	39

	24
	24
	25
	26
	27
	28
	28
	28
	29
	29
	30
	31
	31
	31
	31
	31
	32
	33
	34
	35
	35
	35
	36
	37
	38
	38
	39
	40
	40
	40
	40
	40

	25
	25
	26
	27
	27
	28
	28
	29
	29
	30
	30
	31
	31
	32
	32
	32
	33
	34
	35
	36
	36
	36
	37
	38
	38
	38
	39
	40
	40
	40
	40
	40

	25
	25
	26
	27
	27
	28
	28
	29
	29
	30
	30
	30
	31
	32
	33
	34
	34
	35
	36
	37
	37
	38
	38
	38
	38
	38
	39
	40
	40
	40
	40
	40

	26
	26
	27
	28
	28
	29
	29
	30
	30
	31
	31
	31
	32
	33
	34
	35
	35
	35
	36
	37
	37
	38
	38
	39
	39
	39
	40
	41
	41
	41
	41
	41

	27
	27
	28
	29
	29
	30
	30
	31
	31
	32
	32
	32
	33
	34
	35
	36
	36
	36
	37
	38
	38
	39
	39
	40
	40
	40
	41
	42
	42
	42
	42
	42

	27
	27
	28
	29
	29
	30
	30
	31
	31
	32
	32
	32
	33
	34
	35
	36
	36
	36
	37
	38
	38
	39
	39
	40
	40
	40
	41
	42
	42
	42
	42
	42

	27
	27
	28
	29
	29
	30
	30
	31
	31
	32
	32
	32
	33
	34
	35
	36
	36
	36
	37
	38
	38
	39
	39
	40
	40
	40
	41
	42
	42
	42
	42
	42

	27
	27
	28
	29
	29
	30
	30
	31
	31
	32
	32
	32
	33
	34
	35
	36
	36
	36
	37
	38
	38
	39
	39
	40
	40
	40
	41
	42
	42
	42
	42
	42

	27
	27
	28
	29
	29
	30
	30
	31
	31
	32
	32
	32
	33
	34
	35
	36
	36
	36
	37
	38
	38
	39
	39
	40
	40
	40
	41
	42
	42
	42
	42
	42


	Inter32x32

	9
	10
	11
	12
	13
	14
	14
	14
	15
	16
	16
	17
	17
	18
	18
	19
	19
	19
	20
	21
	21
	21
	21
	21
	22
	23
	23
	24
	24
	24
	24
	24

	10
	10
	11
	13
	13
	13
	14
	14
	15
	16
	16
	17
	17
	18
	18
	19
	19
	19
	20
	20
	21
	21
	21
	21
	22
	23
	23
	24
	24
	24
	24
	24

	11
	11
	12
	13
	13
	13
	14
	15
	16
	17
	17
	17
	18
	18
	19
	20
	20
	20
	20
	20
	21
	22
	22
	22
	23
	24
	24
	24
	24
	24
	24
	24

	12
	13
	13
	13
	13
	13
	14
	16
	17
	18
	18
	17
	19
	18
	20
	20
	21
	21
	20
	20
	21
	23
	23
	23
	24
	25
	25
	24
	24
	24
	24
	24

	13
	13
	13
	13
	13
	14
	15
	16
	17
	18
	18
	18
	19
	19
	20
	21
	21
	21
	21
	21
	22
	23
	23
	23
	24
	25
	25
	25
	25
	25
	25
	25

	14
	13
	13
	13
	14
	14
	15
	16
	18
	19
	19
	18
	19
	20
	21
	22
	22
	21
	22
	21
	23
	24
	24
	24
	25
	26
	26
	26
	26
	26
	26
	26

	14
	14
	14
	14
	15
	15
	16
	17
	18
	19
	19
	19
	20
	20
	21
	22
	22
	22
	22
	22
	23
	24
	24
	24
	25
	26
	26
	26
	26
	26
	26
	26

	14
	14
	15
	16
	16
	16
	17
	18
	19
	19
	19
	20
	21
	21
	21
	21
	22
	23
	23
	23
	23
	24
	24
	24
	25
	26
	26
	26
	26
	26
	26
	26

	15
	15
	16
	17
	17
	18
	18
	19
	19
	19
	20
	21
	21
	21
	21
	21
	22
	23
	23
	24
	24
	24
	24
	24
	25
	26
	26
	27
	27
	27
	27
	27

	16
	16
	17
	18
	18
	19
	19
	19
	19
	20
	21
	21
	21
	21
	21
	22
	22
	23
	23
	25
	25
	25
	24
	24
	25
	26
	26
	28
	28
	28
	28
	28

	16
	16
	17
	18
	18
	19
	19
	19
	20
	21
	21
	21
	21
	21
	22
	23
	23
	23
	24
	25
	25
	25
	25
	25
	26
	27
	27
	28
	28
	28
	28
	28

	17
	17
	17
	17
	18
	18
	19
	20
	21
	21
	21
	21
	21
	22
	23
	23
	24
	24
	25
	25
	25
	25
	26
	26
	27
	28
	28
	28
	28
	28
	28
	28

	17
	17
	18
	19
	19
	19
	20
	21
	21
	21
	21
	21
	22
	23
	23
	23
	24
	25
	25
	25
	25
	25
	26
	27
	27
	28
	28
	28
	28
	28
	28
	28

	18
	18
	18
	18
	19
	20
	20
	21
	21
	21
	21
	22
	23
	23
	23
	24
	25
	25
	25
	25
	25
	26
	27
	27
	28
	29
	29
	28
	28
	28
	28
	28

	18
	18
	19
	20
	20
	21
	21
	21
	21
	21
	22
	23
	23
	23
	24
	25
	25
	25
	25
	25
	26
	27
	27
	27
	28
	29
	29
	29
	29
	29
	29
	29

	19
	19
	20
	20
	21
	22
	22
	21
	21
	22
	23
	23
	23
	24
	25
	25
	25
	25
	25
	26
	27
	27
	27
	27
	28
	29
	29
	30
	30
	30
	30
	30

	19
	19
	20
	21
	21
	22
	22
	22
	22
	22
	23
	24
	24
	25
	25
	25
	25
	25
	26
	27
	27
	27
	27
	27
	28
	29
	29
	30
	30
	30
	30
	30

	19
	19
	20
	21
	21
	21
	22
	23
	23
	23
	23
	24
	25
	25
	25
	25
	25
	26
	27
	28
	28
	28
	27
	27
	28
	30
	29
	30
	30
	30
	30
	30

	20
	20
	20
	20
	21
	22
	22
	23
	23
	23
	24
	25
	25
	25
	25
	25
	26
	27
	27
	28
	28
	28
	28
	28
	29
	30
	30
	31
	31
	31
	31
	31

	21
	20
	20
	20
	21
	21
	22
	23
	24
	25
	25
	25
	25
	25
	25
	26
	27
	28
	28
	28
	28
	28
	29
	29
	30
	30
	31
	32
	32
	32
	32
	32

	21
	21
	21
	21
	22
	23
	23
	23
	24
	25
	25
	25
	25
	25
	26
	27
	27
	28
	28
	28
	28
	28
	29
	30
	30
	30
	31
	32
	32
	32
	32
	32

	21
	21
	22
	23
	23
	24
	24
	24
	24
	25
	25
	25
	25
	26
	27
	27
	27
	28
	28
	28
	28
	29
	30
	30
	31
	31
	32
	32
	32
	32
	32
	32

	21
	21
	22
	23
	23
	24
	24
	24
	24
	24
	25
	26
	26
	27
	27
	27
	27
	27
	28
	29
	29
	30
	30
	30
	31
	32
	32
	32
	32
	32
	32
	32

	21
	21
	22
	23
	23
	24
	24
	24
	24
	24
	25
	26
	27
	27
	27
	27
	27
	27
	28
	29
	30
	30
	30
	30
	31
	33
	32
	32
	32
	32
	32
	32

	22
	22
	23
	24
	24
	25
	25
	25
	25
	25
	26
	27
	27
	28
	28
	28
	28
	28
	29
	30
	30
	31
	31
	31
	32
	33
	33
	33
	33
	33
	33
	33

	23
	23
	24
	25
	25
	26
	26
	26
	26
	26
	27
	28
	28
	29
	29
	29
	29
	30
	30
	30
	30
	31
	32
	33
	33
	34
	34
	34
	34
	34
	34
	34

	23
	23
	24
	25
	25
	26
	26
	26
	26
	26
	27
	28
	28
	29
	29
	29
	29
	29
	30
	31
	31
	32
	32
	32
	33
	34
	34
	34
	34
	34
	34
	34

	24
	24
	24
	24
	25
	26
	26
	26
	27
	28
	28
	28
	28
	28
	29
	30
	30
	30
	31
	32
	32
	32
	32
	32
	33
	34
	34
	35
	35
	35
	35
	35

	24
	24
	24
	24
	25
	26
	26
	26
	27
	28
	28
	28
	28
	28
	29
	30
	30
	30
	31
	32
	32
	32
	32
	32
	33
	34
	34
	35
	35
	35
	35
	35

	24
	24
	24
	24
	25
	26
	26
	26
	27
	28
	28
	28
	28
	28
	29
	30
	30
	30
	31
	32
	32
	32
	32
	32
	33
	34
	34
	35
	35
	35
	35
	35

	24
	24
	24
	24
	25
	26
	26
	26
	27
	28
	28
	28
	28
	28
	29
	30
	30
	30
	31
	32
	32
	32
	32
	32
	33
	34
	34
	35
	35
	35
	35
	35

	24
	24
	24
	24
	25
	26
	26
	26
	27
	28
	28
	28
	28
	28
	29
	30
	30
	30
	31
	32
	32
	32
	32
	32
	33
	34
	34
	35
	35
	35
	35
	35


Table 8: Default matrix for 32x32

9.2 Matrices used for test
Matrices used for experiments are summarized in this sub clause.

	Intra4x4 
	
	Inter4x4 

	12
	16
	18
	24
	 
	12
	16
	18
	20

	16
	16
	28
	30
	 
	16
	18
	20
	22

	18
	28
	30
	36
	 
	18
	20
	22
	24

	24
	30
	36
	28
	 
	20
	22
	24
	20


Table 9: Tested matrix for 4x4

	Intra8x8 
	
	Inter8x8 

	12
	14
	16
	17
	18
	21
	24
	31
	 
	12
	14
	16
	17
	18
	19
	20
	26

	14
	15
	16
	20
	23
	25
	27
	35
	 
	14
	16
	17
	18
	19
	20
	21
	27

	16
	16
	16
	22
	28
	29
	30
	39
	 
	16
	17
	18
	19
	20
	21
	22
	28

	17
	20
	22
	25
	29
	31
	33
	43
	 
	17
	18
	19
	20
	21
	22
	23
	30

	18
	23
	28
	29
	30
	33
	36
	46
	 
	18
	19
	20
	21
	22
	23
	24
	31

	21
	25
	29
	31
	33
	33
	32
	41
	 
	19
	20
	21
	22
	23
	23
	22
	29

	24
	27
	30
	33
	36
	32
	28
	36
	 
	20
	21
	22
	23
	24
	22
	20
	26

	31
	35
	39
	43
	46
	41
	36
	41
	 
	26
	27
	28
	30
	31
	29
	26
	30


Table 10: Tested matrix for 8x8

	Intra16x16 
	
	Inter16x16 

	12
	13
	14
	15
	16
	17
	17
	17
	18
	19
	21
	22
	24
	28
	31
	32
	 
	12
	13
	14
	15
	16
	17
	17
	17
	18
	19
	19
	19
	20
	23
	26
	27

	13
	13
	14
	15
	16
	18
	18
	19
	20
	21
	23
	23
	25
	29
	33
	34
	 
	13
	14
	15
	16
	16
	17
	17
	18
	18
	19
	19
	19
	20
	23
	26
	27

	14
	14
	15
	15
	16
	18
	20
	22
	23
	24
	25
	25
	27
	31
	35
	36
	 
	14
	15
	16
	17
	17
	17
	18
	19
	19
	20
	20
	20
	21
	24
	27
	28

	15
	15
	15
	15
	16
	18
	21
	24
	26
	27
	27
	27
	29
	33
	37
	38
	 
	15
	16
	17
	18
	18
	18
	19
	20
	20
	21
	21
	21
	22
	24
	27
	28

	16
	16
	16
	16
	16
	18
	22
	26
	28
	29
	29
	28
	30
	35
	39
	40
	 
	16
	16
	17
	18
	18
	19
	19
	20
	20
	21
	21
	21
	22
	25
	28
	29

	17
	18
	18
	18
	18
	20
	23
	27
	29
	30
	30
	29
	31
	36
	41
	42
	 
	17
	17
	17
	18
	19
	20
	20
	20
	21
	21
	21
	21
	22
	26
	29
	30

	17
	18
	20
	21
	22
	23
	25
	27
	29
	30
	31
	31
	33
	38
	43
	44
	 
	17
	17
	18
	19
	19
	20
	20
	21
	21
	22
	22
	22
	23
	27
	30
	31

	17
	19
	22
	24
	26
	27
	27
	28
	29
	31
	32
	33
	35
	40
	45
	46
	 
	17
	18
	19
	20
	20
	20
	21
	22
	22
	23
	23
	23
	24
	28
	31
	32

	18
	20
	23
	26
	28
	29
	29
	29
	30
	32
	33
	34
	36
	41
	46
	47
	 
	18
	18
	19
	20
	20
	21
	21
	22
	22
	23
	23
	23
	24
	28
	31
	32

	19
	21
	24
	27
	29
	30
	30
	31
	32
	33
	33
	33
	35
	39
	44
	45
	 
	19
	19
	20
	21
	21
	21
	22
	23
	23
	23
	23
	23
	23
	27
	30
	31

	21
	23
	25
	27
	29
	30
	31
	32
	33
	33
	33
	31
	32
	36
	41
	42
	 
	19
	19
	20
	21
	21
	21
	22
	23
	23
	23
	23
	22
	22
	25
	29
	30

	22
	23
	25
	27
	28
	29
	31
	33
	34
	33
	31
	29
	29
	33
	37
	38
	 
	19
	19
	20
	21
	21
	21
	22
	23
	23
	23
	22
	21
	20
	23
	27
	28

	24
	25
	27
	29
	30
	31
	33
	35
	36
	35
	32
	29
	28
	32
	36
	37
	 
	20
	20
	21
	22
	22
	22
	23
	24
	24
	23
	22
	20
	20
	23
	26
	27

	28
	29
	31
	33
	35
	36
	38
	40
	41
	39
	36
	33
	32
	34
	38
	39
	 
	23
	23
	24
	24
	25
	26
	27
	28
	28
	27
	25
	23
	23
	24
	28
	29

	31
	33
	35
	37
	39
	41
	43
	45
	46
	44
	41
	37
	36
	38
	41
	42
	 
	26
	26
	27
	27
	28
	29
	30
	31
	31
	30
	29
	27
	26
	28
	30
	31

	32
	34
	36
	38
	40
	42
	44
	46
	47
	45
	42
	38
	37
	39
	42
	43
	 
	27
	27
	28
	28
	29
	30
	31
	32
	32
	31
	30
	28
	27
	29
	31
	32


Table 11: Tested matrix for 16x16

	Intra32x32 

	12
	12
	13
	13
	14
	15
	15
	16
	16
	16
	17
	17
	17
	17
	17
	18
	18
	19
	19
	20
	21
	21
	22
	23
	24
	26
	28
	30
	31
	32
	32
	31

	12
	12
	13
	13
	14
	15
	15
	16
	16
	16
	17
	17
	18
	18
	18
	19
	19
	20
	20
	21
	22
	22
	22
	23
	24
	26
	28
	30
	32
	33
	33
	32

	13
	13
	13
	14
	14
	15
	15
	16
	16
	17
	18
	18
	18
	19
	19
	19
	20
	21
	21
	22
	23
	23
	23
	24
	25
	27
	29
	31
	33
	34
	34
	33

	13
	13
	14
	15
	15
	15
	15
	16
	16
	17
	18
	19
	19
	20
	21
	21
	21
	22
	22
	24
	24
	24
	24
	25
	26
	28
	30
	32
	34
	35
	35
	34

	14
	14
	14
	15
	15
	15
	15
	16
	16
	17
	18
	19
	20
	21
	22
	22
	23
	24
	24
	25
	25
	25
	25
	26
	27
	29
	31
	33
	35
	36
	36
	35

	15
	15
	15
	15
	15
	15
	15
	16
	16
	17
	18
	19
	21
	22
	23
	23
	25
	26
	26
	26
	26
	26
	26
	27
	28
	30
	32
	34
	36
	37
	37
	36

	15
	15
	15
	15
	15
	15
	15
	16
	16
	17
	18
	19
	21
	23
	24
	25
	26
	27
	27
	27
	27
	27
	27
	28
	29
	31
	33
	35
	37
	38
	38
	38

	16
	16
	16
	16
	16
	16
	16
	16
	16
	17
	18
	20
	22
	23
	25
	26
	27
	28
	28
	28
	28
	28
	27
	28
	29
	31
	34
	36
	38
	39
	39
	39

	16
	16
	16
	16
	16
	16
	16
	16
	16
	17
	18
	20
	22
	24
	26
	27
	28
	29
	29
	29
	29
	29
	28
	29
	30
	32
	35
	37
	39
	40
	40
	40

	16
	16
	17
	17
	17
	17
	17
	17
	17
	18
	19
	21
	23
	25
	26
	28
	29
	30
	29
	30
	30
	30
	29
	30
	31
	33
	36
	38
	40
	41
	41
	41

	17
	17
	18
	18
	18
	18
	18
	18
	18
	19
	20
	22
	23
	25
	27
	28
	29
	30
	30
	30
	30
	30
	29
	30
	31
	33
	36
	39
	41
	42
	42
	42

	17
	17
	18
	19
	19
	19
	19
	20
	20
	21
	22
	23
	24
	26
	27
	28
	29
	30
	30
	31
	31
	31
	30
	31
	32
	34
	37
	40
	42
	43
	43
	43

	17
	18
	18
	19
	20
	21
	21
	22
	22
	23
	23
	24
	25
	26
	27
	28
	29
	30
	30
	31
	31
	31
	31
	32
	33
	35
	38
	41
	43
	44
	44
	44

	17
	18
	19
	20
	21
	22
	23
	23
	24
	25
	25
	26
	26
	26
	27
	28
	29
	30
	30
	31
	31
	32
	32
	33
	34
	36
	39
	42
	44
	45
	45
	45

	17
	18
	19
	21
	22
	23
	24
	25
	26
	26
	27
	27
	27
	27
	28
	28
	29
	30
	31
	32
	32
	32
	33
	34
	35
	37
	40
	43
	45
	46
	46
	46

	18
	19
	19
	21
	22
	23
	25
	26
	27
	28
	28
	28
	28
	28
	28
	28
	30
	31
	32
	32
	33
	33
	34
	35
	36
	38
	41
	44
	46
	47
	47
	47

	18
	19
	20
	21
	23
	25
	26
	27
	28
	29
	29
	29
	29
	29
	29
	30
	30
	31
	32
	32
	33
	33
	34
	35
	36
	38
	41
	44
	46
	47
	47
	47

	19
	20
	21
	22
	24
	26
	27
	28
	29
	30
	30
	30
	30
	30
	30
	31
	31
	31
	32
	32
	33
	33
	34
	35
	36
	38
	40
	43
	45
	46
	46
	46

	19
	20
	21
	22
	24
	26
	27
	28
	29
	29
	30
	30
	30
	30
	31
	32
	32
	32
	33
	33
	33
	33
	33
	34
	35
	37
	39
	42
	44
	45
	45
	45

	20
	21
	22
	24
	25
	26
	27
	28
	29
	30
	30
	31
	31
	31
	32
	32
	32
	32
	33
	33
	33
	33
	32
	32
	34
	36
	38
	41
	43
	44
	44
	44

	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	30
	31
	31
	31
	32
	33
	33
	33
	33
	33
	33
	32
	31
	31
	32
	34
	36
	39
	41
	42
	42
	42

	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	30
	31
	31
	32
	32
	33
	33
	33
	33
	33
	32
	31
	30
	30
	30
	32
	34
	37
	39
	40
	40
	40

	22
	22
	23
	24
	25
	26
	27
	27
	28
	29
	29
	30
	31
	32
	33
	34
	34
	34
	33
	32
	31
	30
	29
	29
	29
	31
	33
	35
	37
	38
	38
	38

	23
	23
	24
	25
	26
	27
	28
	28
	29
	30
	30
	31
	32
	33
	34
	35
	35
	35
	34
	32
	31
	30
	29
	28
	28
	29
	32
	34
	36
	37
	37
	37

	24
	24
	25
	26
	27
	28
	29
	29
	30
	31
	31
	32
	33
	34
	35
	36
	36
	36
	35
	34
	32
	30
	29
	28
	28
	29
	32
	34
	36
	37
	37
	37

	26
	26
	27
	28
	29
	30
	31
	31
	32
	33
	33
	34
	35
	36
	37
	38
	38
	38
	37
	36
	34
	32
	31
	29
	29
	29
	33
	35
	37
	38
	38
	38

	28
	28
	29
	30
	31
	32
	33
	34
	35
	36
	36
	37
	38
	39
	40
	41
	41
	40
	39
	38
	36
	34
	33
	32
	32
	33
	34
	36
	38
	39
	39
	39

	30
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	44
	43
	42
	41
	39
	37
	35
	34
	34
	35
	36
	38
	40
	41
	41
	41

	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	46
	45
	44
	43
	41
	39
	37
	36
	36
	37
	38
	40
	41
	42
	42
	42

	32
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47
	47
	46
	45
	44
	42
	40
	38
	37
	37
	38
	39
	41
	42
	43
	43
	43

	32
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47
	47
	46
	45
	44
	42
	40
	38
	37
	37
	38
	39
	41
	42
	43
	43
	43

	31
	32
	33
	34
	35
	36
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47
	47
	46
	45
	44
	42
	40
	38
	37
	37
	38
	39
	41
	42
	43
	43
	42


	Inter32x32 

	12
	12
	13
	13
	14
	15
	15
	16
	16
	16
	17
	17
	17
	17
	17
	18
	18
	18
	19
	19
	19
	19
	19
	19
	20
	21
	23
	25
	26
	27
	27
	26

	12
	12
	13
	14
	14
	15
	15
	16
	16
	16
	17
	17
	17
	17
	17
	18
	18
	18
	19
	19
	19
	19
	19
	19
	20
	21
	23
	25
	26
	27
	27
	26

	13
	13
	14
	14
	15
	15
	16
	16
	16
	16
	17
	17
	17
	17
	18
	18
	18
	18
	19
	19
	19
	19
	19
	19
	20
	21
	23
	25
	26
	27
	27
	26

	13
	14
	14
	15
	16
	16
	17
	17
	17
	17
	17
	18
	18
	18
	19
	19
	19
	19
	20
	20
	20
	20
	20
	20
	21
	22
	24
	26
	27
	28
	28
	27

	14
	14
	15
	16
	16
	16
	17
	17
	17
	17
	17
	18
	18
	18
	19
	19
	19
	19
	20
	20
	20
	20
	20
	20
	21
	22
	24
	26
	27
	28
	28
	27

	15
	15
	15
	16
	16
	16
	17
	17
	17
	17
	17
	18
	18
	18
	19
	19
	19
	19
	20
	20
	20
	20
	20
	20
	21
	22
	24
	26
	27
	28
	28
	27

	15
	15
	16
	17
	17
	17
	18
	18
	18
	18
	18
	19
	19
	19
	20
	20
	20
	20
	21
	21
	21
	21
	21
	21
	22
	22
	24
	26
	27
	28
	28
	27

	16
	16
	16
	17
	17
	17
	18
	18
	18
	18
	19
	19
	19
	19
	20
	20
	20
	20
	21
	21
	21
	21
	21
	21
	22
	23
	25
	27
	28
	29
	29
	28

	16
	16
	16
	17
	17
	17
	18
	18
	18
	18
	19
	19
	19
	19
	20
	20
	20
	20
	21
	21
	21
	21
	21
	21
	22
	23
	25
	27
	28
	29
	29
	28

	16
	16
	16
	17
	17
	17
	18
	18
	18
	18
	19
	19
	19
	19
	20
	20
	20
	20
	21
	21
	21
	21
	21
	21
	22
	23
	25
	27
	28
	29
	29
	28

	17
	17
	17
	17
	17
	17
	18
	19
	19
	19
	20
	20
	20
	20
	20
	21
	21
	21
	21
	21
	21
	21
	21
	21
	22
	24
	26
	28
	29
	30
	30
	29

	17
	17
	17
	18
	18
	18
	19
	19
	19
	19
	20
	20
	20
	20
	21
	21
	21
	21
	22
	22
	22
	22
	22
	22
	23
	24
	26
	28
	29
	30
	30
	29

	17
	17
	17
	18
	18
	18
	19
	19
	19
	19
	20
	20
	20
	20
	21
	21
	21
	21
	22
	22
	22
	22
	22
	22
	23
	25
	27
	29
	30
	31
	31
	30

	17
	17
	17
	18
	18
	18
	19
	19
	19
	19
	20
	20
	20
	20
	21
	21
	21
	21
	22
	22
	22
	22
	22
	22
	23
	26
	28
	30
	30
	31
	31
	30

	17
	17
	18
	19
	19
	19
	20
	20
	20
	20
	20
	21
	21
	21
	22
	22
	22
	22
	23
	23
	23
	23
	23
	23
	24
	26
	28
	30
	31
	32
	32
	31

	18
	18
	18
	19
	19
	19
	20
	20
	20
	20
	21
	21
	21
	21
	22
	22
	22
	22
	23
	23
	23
	23
	23
	23
	24
	26
	28
	30
	31
	32
	32
	31

	18
	18
	18
	19
	19
	19
	20
	20
	20
	20
	21
	21
	21
	21
	22
	22
	22
	22
	23
	23
	23
	23
	23
	23
	24
	26
	28
	30
	31
	32
	32
	31

	18
	18
	18
	19
	19
	19
	20
	20
	20
	20
	21
	21
	21
	21
	22
	22
	22
	22
	23
	23
	23
	23
	23
	23
	24
	26
	28
	30
	31
	32
	32
	31

	19
	19
	19
	20
	20
	20
	21
	21
	21
	21
	21
	22
	22
	22
	23
	23
	23
	23
	23
	23
	23
	23
	23
	22
	23
	25
	27
	29
	30
	31
	31
	30

	19
	19
	19
	20
	20
	20
	21
	21
	21
	21
	21
	22
	22
	22
	23
	23
	23
	23
	23
	23
	23
	22
	23
	22
	23
	24
	26
	28
	30
	31
	31
	30

	19
	19
	19
	20
	20
	20
	21
	21
	21
	21
	21
	22
	22
	22
	23
	23
	23
	23
	23
	23
	23
	22
	22
	21
	22
	23
	25
	27
	29
	30
	30
	29

	19
	19
	19
	20
	20
	20
	21
	21
	21
	21
	21
	22
	22
	22
	23
	23
	23
	23
	23
	22
	22
	21
	21
	20
	21
	22
	24
	26
	28
	29
	29
	28

	19
	19
	19
	20
	20
	20
	21
	21
	21
	21
	21
	22
	22
	22
	23
	23
	23
	23
	23
	23
	22
	21
	21
	20
	20
	21
	23
	25
	27
	28
	28
	27

	19
	19
	19
	20
	20
	20
	21
	21
	21
	21
	21
	22
	22
	22
	23
	23
	23
	23
	22
	22
	21
	20
	20
	20
	20
	21
	23
	25
	26
	27
	27
	26

	20
	20
	20
	21
	21
	21
	22
	22
	22
	22
	22
	23
	23
	23
	24
	24
	24
	24
	23
	23
	22
	21
	20
	20
	20
	21
	23
	25
	26
	27
	27
	26

	21
	21
	21
	22
	22
	22
	22
	23
	23
	23
	24
	24
	25
	26
	26
	26
	26
	26
	25
	24
	23
	22
	21
	21
	21
	22
	24
	26
	27
	28
	28
	27

	23
	23
	23
	24
	24
	24
	24
	25
	25
	25
	26
	26
	27
	28
	28
	28
	28
	28
	27
	26
	25
	24
	23
	23
	23
	24
	24
	26
	28
	29
	29
	28

	25
	25
	25
	26
	26
	26
	26
	27
	27
	27
	28
	28
	29
	30
	30
	30
	30
	30
	29
	28
	27
	26
	25
	25
	25
	26
	26
	27
	29
	30
	30
	29

	26
	26
	26
	27
	27
	27
	27
	28
	28
	28
	29
	29
	30
	30
	31
	31
	31
	31
	30
	30
	29
	28
	27
	26
	26
	27
	28
	29
	30
	31
	31
	30

	27
	27
	27
	28
	28
	28
	28
	29
	29
	29
	30
	30
	31
	31
	32
	32
	32
	32
	31
	31
	30
	29
	28
	27
	27
	28
	29
	30
	31
	32
	32
	31

	27
	27
	27
	28
	28
	28
	28
	29
	29
	29
	30
	30
	31
	31
	32
	32
	32
	32
	31
	31
	30
	29
	28
	27
	27
	28
	29
	30
	31
	32
	32
	31

	26
	26
	26
	27
	27
	27
	27
	28
	28
	28
	29
	29
	30
	30
	31
	31
	31
	31
	30
	30
	29
	28
	27
	26
	26
	27
	28
	29
	30
	31
	31
	30


Table 12: Tested matrix for 32x32
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