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Abstract

This document proposes applying either the conventional Discrete Cosine Transform (DCT) or a derived Discrete Sine Transform (DST) for intra prediction as a primary transform in TMuC 0.7.  For each of the upto 34 modes in unified intra-prediction in TMuC 0.7, the derived transform (separable along the horizontal and vertical directions) is shown to be theoretically optimal with performance close to KLT. The proposed primary transform is based on the intra-prediction modes with no additional signaling information, works in a single-pass and does not incur any additional computational complexity. No training was required to derive the transform and it requires the storage of only one sine matrix in addition to the conventional DCT at each block size. Comparison is performed in TMuC 0.7 between the proposed adaptive DCT/DST primary transform and the conventional DCT for two cases, viz., when the secondary transform in intra prediction, i.e., Rotational Transform is OFF and ON. Simulation results show a BD Rate improvement of 0.2% and 0.1% averaged over all the video sequences, when the Rotational Transform is OFF and ON respectively.

 Introduction

Most image and video-coding standards such as JPEG, H.264/AVC, VC-1 employ block-based transform coding as a tool to efficiently compress the input image and video signals. The pixel domain data is transformed to frequency domain using a transform process on a block-by-block basis. For typical images, most of the energy is concentrated in the low-frequency transform coefficients. Following the transform, a bigger step-size quantizer can be used for higher-frequency transform coefficients in order to compact energy more efficiently to attain better compression.  Hence it is required to devise the optimal transform for each image block to fully decorrelate the transform coefficients. The Karhunen Loeve Transform (KLT) possesses several attractive properties, e.g., in high resolution quantization of Gaussian signals and full decorrelation of transform coefficients. However, practical use of KLT is limited due to its high computational complexity and it has been shown in [5] that DCT provides an attractive alternative to KLT in terms of energy compaction and performance close to KLT.  But with the advent of intra prediction, this is no longer the case and the optimal transform should be adaptive to inter or intra prediction mode
In the current Test Model under Consideration (TMuC) [6], following intra prediction, various different intra prediction transforms are being used. The conventional DCT or Mode Dependent Directional Transform (MDDT) is being used as the primary transform and is followed by the Rotational Transform as the secondary transform.
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Fig. 1 : Transform structure for intra prediction in TMuC 0.7
Han et al. in [2] analytically derived a DST with frequency and phase components different from the conventional DCT to be the actual KLT along the prediction direction for intra modes in H.264/AVC.  They also showed that if prediction is not performed along a particular direction, then DCT performs close to KLT. The idea was applied to the vertical and horizontal modes in intra-prediction in H.264/AVC and a combination of the proposed DST and conventional DCT was used adaptively. Yeo et al. in [3] extended similar ideas by applying the combination of DST and DCT to other prediction modes in H.264/AVC and showed that there is only a minor loss in performance in comparison to MDDT. 
For block sizes 16*16 to 64*64, DCT is the only primary transform being used in TMuC. In this work, we propose an adaptive combination of the derived DST and DCT as the first primary transform for these block sizes and compare the performance under various conditions: when the secondary transform : Rotational Transform is ON or OFF. We first derive the separable optimal transform along the horizontal and vertical directions for all the modes in Unified Intra Directional Prediction [7] at large block sizes such as 16*16, 32*32, 64*64 and then show performance comparison of the proposed schemes with current TMuC 0.7 under various settings.

Algorithm Description

In TMuC 0.7, unified intra prediction is used and there can be upto 34 different modes at a particular block size. These 34 intra-prediction directional modes can be divided into 3 categories as follows:
1. Category 1 oblique modes (Fig. 2): Here prediction is performed completely from the decoded pixels from either one of the following: the top row or the left column. The vertical mode 0 and the horizontal mode 1 in [6] are special cases of this oblique mode.

2. Category 2 oblique modes (Fig. 3): Here prediction is performed from both the top row and left column pixels.

3. DC mode (Fig. 4): Here prediction is performed from an average value of the all the available decoded pixels similar to H.264/AVC [6].
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Fig. 2 Category 1 oblique modes: Here prediction is from one direction only: either the top row or left column
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Fig. 3 Category 2 oblique modes: Here prediction is from both the directions: top row and left column
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Fig. 4  DC Prediction Mode: Prediction is performed from the average of pixels x01 to x0N and x10 to xN0 or a subset of these when they are available similar to H.264/AVC.

1. Analysis for Category 1 Oblique Modes

Consider a Category 1 oblique mode in Fig. 5. Here prediction is performed from the top row in the direction showed by the arrows. Specifically a (dx,dy) pair denotes the horizontal and vertical distance respectively [6] and can indicate the prediction direction. 

We assume the same Gauss-Markov model for the image pixels as in Han et al.’s work in [2], i.e., in the context of 1-d:
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where 
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 is the correlation coefficient between the pixels, ek is a white-noise process with zero mean, and variance 
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, and k=0..N. Here x0 denotes the boundary pixel and x1 to xN are the pixels to be encoded.  The correlation between pixels xk and xl is given by Rkl = 
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.  For the 2-d image case, we assume a separable model along the horizontal and vertical directions. Hence the correlation between pixels xij and xmn is
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Fig. 5: Derivation of the transforms for category 1 oblique modes

In Fig. 6, the pixels x00, x01, x02… and x10, x20… denote the boundary pixels that have already been encoded. Pixels xij (
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) denote the pixels to be encoded.  Let the prediction for a pixel xij be given by 
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as shown in Fig. 6 where 
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. In the case when 
[image: image14.wmf]a

is not an integer, the pixel 
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is interpolated from its adjacent two neighboring pixels as specified in [6], but for simplicity, we keep the predictor as 
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only for analysis purposes. From the property of similar triangles, we can derive:
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Hence the prediction error residue for a pixel is given as 
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The overall matrix for the error-residues for the N*N image block is:
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where 
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is the original N*N image block and 
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is its prediction. Element ‘ij’ of matrix E is given by :
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Assuming the separable pixel model, we seek to find the optimal transforms in both the vertical and horizontal directions for the above prediction residue matrix. Specifically for finding the vertical transform of a column of E, we require to find a matrix which diagonalizes the autocorrelation matrix of the corresponding columns. Similar for the horizontal transform for a particular row of E, we seek a matrix which diagonalizes the autocorrelation matrix of that particular row. We first consider column ‘j’ of  E:
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        The autocorrelation matrix of column Ej is a N*N matrix given by:
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where E(.) denotes the Expectation operator. We denote term ‘ik’ of the above matrix by RCol,ik :
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From the above expression, it can be seen that 
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 is a factor of all the terms in the matrix RCol. We can factorize a constant 
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 from RCol.  Note that
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is the correlation coefficient between the image pixels and, in general, it is typically near but not equal to 1. With this assumption, we can approximate RCol,ik as follows:
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where we applied the L’Hopital’s rule. This can be further simplified to:
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To find a matrix which diagonalizes RCol, we can ignore the constant terms 
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From [8], the KLT of the matrix is the following sine transform:
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Note that the above expression is independent of column ‘j’ of the error residue and is identical to the one derived in [2] and [3]. Hence, the above DST can be applied as the vertical transform on all the columns of the intra-prediction residue E. 

Next we consider the horizontal transform to be applied to row ‘i’ of E. The autocorrelation matrix for row ‘i’ is:
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       Term ‘mn’ of the above matrix is denoted by Rrow,mn , 
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Again 
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 is a factor of all the terms in the matrix Rrow . We can use a similar procedure to simplify term ‘mn’ of Rrow   as we did for Rcol : 
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Term ‘mn’ of the matrix Rrow is dependent on (m-n), given the row ‘i’ and hence the matrix Rrow is Toeplitz. It has been shown in [5] that DCT performs close to the KLT for the case of Toeplitz matrices. So DCT can be applied as the horizontal transform for all the rows. To summarize, we should apply:

(a) DST as the vertical transform and 
(b) DCT as the horizontal transform 

for the Category 1 oblique modes shown in Fig. 2(a). By symmetry, we conclude that the DST should be applied as the horizontal transform and DCT as the vertical transform when prediction is applied in the horizontal direction as shown in Fig. 2(b)

Next we move to the analysis of category 2 oblique modes.

2. Analysis for Category 2 Oblique Modes:

Consider a sample oblique mode 2 in Fig. 3. Here the prediction is performed from both the left column and the top row of pixels.

While a similar analysis can be performed to calculate the prediction residue matrix E, and the autocorrelation matrix for a column j (respectively row i) of the matrix E, the resulting autocorrelation matrix for column j (respective row i) does not have a nice structure as the ones for Category 1 oblique modes. Further, the autocorrelation matrix is dependent on column ‘j’ implying a different KLT for each column. While it is possible to compute a separate KLT for each of the N columns of the prediction residue E matrix, the computational complexity for N different transforms per direction is huge. We propose to use the transform structure as shown in Table 1 for category 2 modes. In the current implementation, however, for category 2 modes, we have used the conventional DCT along both the horizontal and vertical directions and this can be improved further.
3. Analysis for DC Mode

In DC mode, the predictor is the mean of pixels from the top-row and left-column. Yeo et al. in [3] showed that DCT is optimal along both the vertical and horizontal directions for DC mode. Their analysis can be straight-forwardly extended to the DC mode in TMuC 0.7 for all the image block sizes from 16*16 to 64*64.
Summary for the various categories of optimal Transform for Unified Directional Intra Prediction 

In the current TMuC 0.7, there are upto 34 different unified directional prediction modes for the 16*16 and 32*32 block size and 5 for the 64*64 size. The first 3 columns of the following table are from Table 5.1 in [6] and the last column denotes how we have divided the prediction modes in Category 1 (prediction only from top row in the case of Intra_Vertical or only from left column in the case of Intra_Horizontal); Category 2 (prediction from both the top row and left columns) and the DC mode. The optimal transforms in each case is a combination of DST and DCT. Note that while we show the angles for Angular Directional Prediction [6,7] in Table 1, i.e., from -8 to 8, a one-to-one mapping exists between these angles to the various modes to unified intra prediction as specified in [6]. 

Table 1: Categorization of various intra prediction modes in [6] and the proposed transforms along the vertical and horizontal directions
	IntraPredMode
[ puPartIdx ]
	IntraPredType [ puPartIdx ]
	IntraPredAngleID
[ puPartIdx ]
	Category of Oblique Mode
	Vertical 

Transform
	Horizontal 

Transform

	0
	Intra_Vertical
	0
	1
	DST
	DCT

	1
	Intra_Horizontal
	0
	1:Prediction from  Left Column
	DCT
	DST

	2
	Intra_DC
	-
	DC Mode
	DCT
	DCT

	3
	Intra_Vertical
	-8
	2
	DST
	DCT

	4
	Intra_Vertical
	-4
	2
	DST
	DCT

	5
	Intra_Vertical
	+4
	1
	DST
	DCT

	6
	Intra_Vertical
	+8
	1
	DST
	DCT

	7
	Intra_Horizontal
	-4
	2
	DCT
	DST

	8
	Intra_Horizontal
	+4
	1
	DCT
	DST

	9
	Intra_Horizontal
	+8
	1
	DCT
	DST

	10
	Intra_Vertical
	-6
	2
	DST
	DCT

	11
	Intra_Vertical
	-2
	2
	DST
	DCT

	12
	Intra_Vertical
	+2
	1
	DST
	DCT

	13
	Intra_Vertical
	+6
	1
	DST
	DCT

	14
	Intra_Horizontal
	-6
	2
	DCT
	DST

	15
	Intra_Horizontal
	-2
	2
	DCT
	DST

	16
	Intra_Horizontal
	+2
	1
	DCT
	DST

	17
	Intra_Horizontal
	+6
	1
	DCT
	DST

	18
	Intra_Vertical
	-7
	2
	DST
	DCT

	19
	Intra_Vertical
	-5
	2
	DST
	DCT

	20
	Intra_Vertical
	-3
	2
	DST
	DCT

	21
	Intra_Vertical
	-1
	2
	DST
	DCT

	22
	Intra_Vertical
	+1
	1
	DST
	DCT

	23
	Intra_Vertical
	+3
	1
	DST
	DCT

	24
	Intra_Vertical
	+5
	1
	DST
	DCT

	25
	Intra_Vertical
	+7
	1
	DST
	DCT

	26
	Intra_Horizontal
	-7
	2
	DCT
	DST

	27
	Intra_Horizontal
	-5
	2
	DCT
	DST

	28
	Intra_Horizontal
	-3
	2
	DCT
	DST

	29
	Intra_Horizontal
	-1
	2
	DCT
	DST

	30
	Intra_Horizontal
	+1
	1
	DCT
	DST

	31
	Intra_Horizontal
	+3
	1
	DCT
	DST

	32
	Intra_Horizontal
	+5
	1
	DCT
	DST

	33
	Intra_Horizontal
	+7
	1
	DCT
	DST


Testing Conditions & Simulation Results

The derived DST matrices for the 16*16, 32*32 and 64*64 cases respectively, that we have used in the TMuC 0.7 implementation are given in Appendix 1. We tested our proposed adaptive DCT/DST scheme and compared it with the conventional DCT for the 16*16, 32*32 and 64*64 block sizes. The encoding conditions were as specified in the common testing conditions for tests in TMuC 0.7 in [11] and the intra-high efficiency encoder_intra.cfg file was used.

For the first test case, the anchor was TMuC 0.7 with all the tools ON except Rotational Transform which was switched OFF. In the proposed scheme, the adaptive DCT/DST was used as the primary transform instead of the conventional DCT for the 16*16 and higher block sizes. Simulation results for the video sequences for first 25 frames across all classes are shown in Table 2. Here we obtain a BD Rate improvement of about 0.2% when averaged across all the video sequences.
In the second test case, the anchor was TMuC 0.7 with all the tools including Rotational Transform ON and the conventional DCT as the primary transform. The proposed scheme had adaptive DCT/DST as the primary transform for block sizes 16*16 and higher. Simulation results for the video sequences for the first 25 frames across all the classes are shown in Table 3. Here we obtained a BD Rate improvement of about 0.1% when averaged across all the video sequences.

Table 2: Comparison of the proposed adaptive DCT/DST scheme with conventional DCT as the primary transform in TMuC 0.7. Here the secondary transform: Rotational Transform was OFF.

	Class Name
	Sequence Name
	BD Rate (in %)

	Class A
	
	

	
	Traffic
	-0.3

	
	PeopleOnStreet
	-0.3

	Class B
	
	

	
	Kimono
	-1.3

	
	ParkScene
	-0.3

	
	Cactus
	-0.2

	
	BasketballDrive
	-0.2

	
	BQTerrace
	0.1

	Class C
	
	

	
	BasketballDrill
	-0.1

	
	BQMall
	0.0

	
	Partyscene
	0.1

	
	RaceHorsesC
	-0.1

	Class D
	
	

	
	BasketballPass
	0.5

	
	BQSquare
	0.0

	
	BlowingBubbles
	-0.1

	
	RaceHorses
	0.0

	Class E
	
	

	
	Vidyo1
	-0.3

	
	Vidyo3
	-0.3

	
	Vidyo4
	-0.2

	
	
	

	Average
	
	

	
	Class A
	-0.3

	
	Class B
	-0.4

	
	Class C
	0.0

	
	Class D
	0.1

	
	Class E
	-0.3

	
	All
	-0.2


Table 3: Comparison of the proposed adaptive DCT/DST scheme with conventional DCT as the primary transform in TMuC 0.7. Here the secondary transform: Rotational Transform was ON.

	Class Name
	Sequence Name
	BD Rate (in %)

	Class A
	
	

	
	Traffic
	-0.2

	
	PeopleOnStreet
	-0.3

	Class B
	
	

	
	Kimono
	-1.0

	
	ParkScene
	-0.3

	
	Cactus
	-0.1

	
	BasketballDrive
	0.4

	
	BQTerrace
	0.1

	Class C
	
	

	
	BasketballDrill
	-0.1

	
	BQMall
	0.1

	
	Partyscene
	0.1

	
	RaceHorsesC
	-0.1

	Class D
	
	

	
	BasketballPass
	0.5

	
	BQSquare
	0.0

	
	BlowingBubbles
	-0.1

	
	RaceHorses
	-0.1

	Class E
	
	

	
	Vidyo1
	-0.2

	
	Vidyo3
	-0.2

	
	Vidyo4
	0.1

	
	
	

	Average
	
	

	
	Class A
	-0.3

	
	Class B
	-0.2

	
	Class C
	0.0

	
	Class D
	0.1

	
	Class E
	-0.1

	
	All
	-0.1


Conclusions

In this proposal, an adaptive DST/DCT is presented as the primary transform in TMuC for intra prediction instead of the conventional DCT. The proposed primary transform is analytically derived without any training and has similar computational complexity as the conventional DCT. It requires the storage of only one additional transform matrix at a particular block size, is based on the intra prediction mode and does not require any explicit signaling. We propose to investigate this transform as part of a Tool Evaluation Experiment/Core Experiment for all the block sizes in TMuC/TM.
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Appendix: Derived Matrices 

The derived sine matrices (shifted by 10 bits) used in the TMuC 0.7 implementation for the 16*16, 32*32 and 64*64 cases respectively are:

16*16 Case

[image: image42.png]const short g_as_DST_MAT 16 [l6][1l6] =
{
95, 282, 458, 618, 756, 866, 945, 990, 999, 972,
909, 814, 690, 541, 372, 189,1},
189, 538, 811, 968, 986, 863, 6le, 281, -95, -456,
-753, -941, -995, -906, -687, -370,},
280, 750, 983, 903, 537, 0, -537, -903, -983, -750,
-280, 280, 750, 983, 903, 537,},
371, 907, 942, 457, -281, -864, -969, -539, 189, 812,
987, 6l6, -95, -754, -996, -688,},
457, 987, 688, -189, -907, -863, -95, 754, 969, 371,
-539, -996, -6le, 281, 942, 812, 1},
537, 983, 280, -751, -903, 0, 903, 751, -280, -983,
-537, 537, 983, 280, -751, -903,},
6le, 906, -188, -995, -281, 863, 687, -538, -941, 95,
986, 370, -811, -753, 456, 968, },
690, 756, -618, -814, 541, 866, -—-458, -909, 372, 945,
-282, -972, 189, 990, -95, -999,},
756, 541, -909, -282, 990, 0, -990, 282, 909, -541,
-756, 756, 541, -909, -282, 990, 1},
811, 281, -995, 370, 753, -863, -189, 986, -456, -687,
906, 95, -968, 539, 6le, -941,},
860, 0, -860, 860, 0, -860, 860, 0, -860, 860,
0, -860, 860, 0, -860, 860, 1},
907, -281, -539, 987, -754, 0, 754, -987, 539, 281,
-907, 907, -281, -539, 987, -754,},
942, -539, -95, 688, -987, 863, -371, -281, 812, -99¢,
753, -189, -457, 907, -969, 616,},
965, -751, 369, 94, -537, 860, -992, 904, -614, 188,
280, -685, 939, -983, 809, -455,},
986, -906, 753, -539, 281, 0, -281, 539, -753, 906,
-986, 986, -906, 753, -539, 281,1,
999, -990, 972, -945, 909, -866, 814, -756, 690, -el18,
541, -458, 372, -282, 189, -95,1,
Y;
32%32 Case
const short g_as_DST_MAT 32 [32][32] =
{
49, 1l4e, 243, 336, 427, 514, 596, 672, 742, 805,
861, 909, 948, 978, 999, 1011, 1013, 1006, 990, 964, 929,
886, 834, 775, 708, 635, 555, 471, 382, 290, 195, 98,1,
98, 289, 470, 633, 773, 884, 962, 1004, 1009, 976,
907, 804, 671, 513, 336, 1l4e, -49, -242, -426, -595, -741, -
859, -946, -997, -1011, -988, -%927, -833, -707, -554, -381, -194,},
l4e, 426, 670, 858, 974, 1009, 960, 831, 632, 381,
97, -194, -469, -705, -883, -986, -1007, -944, -802, -594, -335, -
49, 242, 512, 739, 905, 995, 1002, 926, 1772, 553, 289,1,
194, 554, 833, 988, 997, 860, 595, 242, -1l4e6, -513,
-804, -976, -1004, -884, -634, -289, 98, 470, 773, 962, 1009,
907, 671, 336, -49, -426, -741, -946, -1012, -928, -707, -382,},
242, 671, 946, 1004, 833, 470, 0, -470, -833, -1004,
-946, -671, -242, 242, 671, 946, 1004, 833, 470, 0, -470,
-833, -1004, -946, -671, -242, 242, 671, 946, 1004, 833, 470,1},
289, 772, 1002, 905, 512, -49, -594, -944, -986, -705,
-194, 381, 831, 1010, 858, 426, -14e6, -670, -974, -960, -632,
-97, 469, 883, 1007, 802, 335, -242, -739, -995, -926, -553,},
336, 859, 1004, 707, 98, -554, -962, -946, -513, l4e,
741, 1009, 832, 289, -381, -884, -997, -671, -49, 595, 976,
927, 470, -1%94, -773, -1011, -804, -242, 426, 907, 988, 633,},





[image: image43.png]382, 929, 948, 427, -336, -908, -964, -471, 290, 886,
978, 514, -243, -861, -990, -555, 195, 834, 999, 596, -1l46, -
805, -1006, -635, 98, 775, 1011, 672, -49, -742, -1013, -708,},
427, 978, 834, 98, -708, -1011, -596, 243, 908, 929,
290, -555, -1006, -742, 49, 805, 990, 471, -382, -964, -861, -
l4e, 672, 1013, 635, -195, -886, -948, -336, 514, 999, 775,11,
470, 1004, 671, -242, -946, -832, 0, 832, 946, 242,
-671, -1004, -470, 470, 1004, 671, -242, -946, -832, 0, 832,
946, 242, -671, -1004, -470, 470, 1004, 671, -242, -946, -832,},
512, 1010, 469, -553, -1007, -426, 594, 1002, 381, -632,
-995, -335, 670, 986, 289, -705, -974, -242, 739, 960, 194,
=772, -944, -l4e, 802, 926, 97, -831, -905, -49, 858, 883,1,
554, 997, 242, -804, -884, 98, 962, 671, -426, -1011,
-382, 707, 946, 49, -907, =773, 289, 1004, 513, -595, -988,
-194, 833, 859, -1l46, -976, -634, 470, 1009, 336, -741, -928,},
595, 962, 0, -962, -595, 595, 962, 0, -962, -595,
595, 962, 0, -962, -595, 595, 962, 0, -962, -595, 595,
962, 0, -962, -595, 595, 962, 0, -962, -595, 595, 962, 1},
632, 905, -242, -1010, -194, 926, 594, -670, -883, 289,
1007, 146, -944, -553, 705, 858, -335, -1003, -97, 960, 512,
-740, -831, 381, 995, 49, -974, -469, 772, 802, -426, -986,1},
671, 832, -470, -946, 242, 1004, 0, -1004, -242, 946,
470, -832, -671, 671, 832, -470, -946, 242, 1004, 0, -1004, -
242, 946, 470, -832, -671, 671, 832, -470, -946, 242, 1004,1},
708, 742, -672, =715, 635, 805, -596, -834, 555, 861,
-514, -886, 471, 909, -427, -929, 382, 948, -336, -964, 290,
978, -243, -990, 195, 999, -1l46, -1006, 98, 1011, -49, -1013,1},
742, 635, -834, -514, 909, 382, -964, -243, 999, 98,
-1013, 49, 1006, -195, -978, 336, 929, -471, -86l, 596, 775,
-708, -672, 805, 555, -886, -427, 948, 290, -990, -146, 1011,},
773, 513, -946, -194, 1011, -146, -962, 470, 804, -741,
-554, 927, 242, -1009, 98, 976, -426, -833, 707, 595, =907,
-289, 1004, -49, -988, 381, 859, -671, -633, 884, 336, -997,1},
802, 381, -1003, 146, 926, -632, -594, 944, 97, -996,
426, 772, -831, -335, 1007, -194, -905, 670, 553, -961, -49,
986, -469, -740, 858, 289, -1010, 242, 883, -705, -512, 974,},
833, 242, -1004, 470, 671, -94e6, 0, 946, -671, -470,
1004, -242, -833, 833, 242, -1004, 470, 671, -94e6, 0, 946,
-671, -470, 1004, -242, -833, 833, 242, -1004, 470, 671, -946,},
860, 98, -946, 741, 289, -997, 595, 470, -1012, 426,
634, -988, 242, 773, -928, 49, 884, -833, -1l4e, 962, =707, -
336, 1004, -554, -513, 1009, -382, -671, 976, -194, -804, 907, },
883, -49, -831, 926, -l46, -772, 961, -242, -705, 986,
-335, -632, 1003, -426, -553, 1010, -512, -469, 1007, -594, -381,
996, -670, -289, 974, -740, -194, 944, -802, -97, 905, -858,},
%07, -194, -671, 1009, -554, -336, 962, -832, 49, 773,
-988, 426, 470, -997, 741, 98, -859, 946, -289, -595, 1011,
-633, -242, 927, -884, l4e, 707, -1004, 513, 381, -976, 804,1},
929, -336, -471, 978, -861, 195, 596, -1006, 775, -49,
-708, 1013, -672, -98, 805, -999, 555, 243, -886, 964, -427,
-382, 948, -908, 290, 514, -990, 834, -1l46, -635, 1011, -742,},
948, -471, -243, 834, -1006, 672, 0, -672, 1006, -834,
243, 471, -948, 948, -471, -243, 834, -1006, 672, 0, -672,
1006, -834, 243, 471, -94s8, 948, -471, -243, 834, -1006, 672,},
962, -595, 0, 595, -962, 962, -595, 0, 595, -962,
962, -595, 0, 595, -962, 962, -595, 0, 595, -962, 962, -
595, 0, 595, -962, 962, -595, 0, 595, -962, 962, -595,1},
974, =705, 242, 289, -740, 986, -960, 670, -194, -335,
772, -995, 944, -632, l4e, 381, -802, 1003, -926, 594, -97, -
426, 831, -1007, 905, -553, 49, 469, -858, 1010, -883, 512,31,




[image: image44.png]988, -804, 470, -49, -382, 741, -962, 1004, -860, 555,
-1l46, -289, 671, -928, 1012, -907, 634, -242, -194, 595, -884,
1009, -94e6, 707, -336, -98, 513, -833, 997, =976, 773, -426,1},
997, -884, 671, -382, 49, 289, -595, 833, -976, 1009,
-928, 741, -470, l4e, 194, -513, 773, -946, 1011, -962, 804,
-554, 242, 98, -426, 707, -9%07, 1004, -988, 859, -634, 336,1},
1003, -944, 831, -670, 469, -242, 0, 242, -469, 670,
-831, 944, -1003, 1003, -944, 831, -670, 469, -242, 0, 242,
-469, 670, -831, 944, -1003, 1003, -944, 831, -670, 469, -242,},
1009, -988, 946, -884, 804, -707, 595, -470, 336, -194,
49, 98, -242, 381, -513, 633, -741, 832, -907, 962, -997,
1011, -1004, 976, -927, 859, -773, 671, -554, 426, -289, 1l4e6,},
1013, -1011, 1006, -999, 9%0, -978, 964, -948, 929, -909,
886, -86l, 834, -805, 775, -742, 708, -672, 635, -59e, 555, -
514, 471, -427, 382, -336, 290, -243, 195, -1ld4e, 98, -49,1},
b
and 64*64 Case
const short g_as_DST_MAT 64 [64][64] =
{
25, 74, 124, 173, 222, 270, 318, 364, 410, 455,
499, 542, 583, 623, 662, 699, 734, 768, 800, 830, 857,
883, 907, 929, 948, 965, 980, 993, 1003, 1011, 10le, 1019,
1020, 1018, 1014, 1007, 998, 987, 973, 957, 939, 918, 895,
871, 844, 815, 784, 751, 117, 681, 643, 604, 563, 521,
471, 433, 387, 341, 294, 246, 197, 149, 99, 50, },
50, 149, 246, 341, 433, 521, 604, 681, 751, 815,
871, 918, 957, 987, 1007, 1018, 1019, 1011, 993, 965, 929,
883, 830, 768, 699, 623, 542, 455, 364, 270, 173, 14,
-25, -124, -222, -318, -410, -499, -583, -662, -734, -800, -857, -
907, -948, -980, -1003, -10l1e6, -1020, -1014, -998, -973, -939, -896, -
844, -784, -717, -643, -563, -477, -387, -294, -197, -99,1,
14, 222, 364, 499, 623, 734, 829, 907, 965, 1003,
1019, 1014, 987, 938, 870, 784, 680, 563, 433, 294, 148,
0, -148, -294, -433, -563, -e80, -784, -870, -938, -987, -1014, -
1019, -1003, -965, -907, -829, -734, -623, -499, -3e64, -222, -74,
74, 222, 364, 499, 623, 734, 829, 907, 965, 1003, 1019,
1014, 987, 938, 870, 784, 680, 563, 433, 294, 148,},
99, 294, 471, 643, 784, 895, 973, 1014, 101se, 980,
907, 800, 662, 499, 318, 124, -74, -270, -455, -623, -768, -
883, -965, -1011, -1018, -987, -918, -815, -e81, -521, -341, -148,
50, 246, 433, 603, 751, 871, 957, 1007, 1019, 993, 929,
829, 699, 542, 364, 173, -25, -222, -410, -583, -734, -857, -
948, -1003, -1020, -998, -939, -844, -717, -563, -387, -197,},
124, 364, 583, 768, 907, 993, 1020, 987, 895, 751,
563, 341, 99, -1l4s, -387, -603, -784, -918, -998, -1019, -980, -
883, -734, -542, -317, -74, 173, 410, 623, 799, 929, 1003,
1018, 973, 870, 717, 521, 294, 50, -197, -433, -643, -815,
-938, -1007, -10le, -965, -857, -699, -499, -270, -25, 222, 455,
662, 829, 948, 1011, 1014, 957, 844, 680, 477, 246,1},
148, 433, 681, 870, 987, 1019, 965, 829, 623, 364,
74, -222, -499, -734, -%907, -1003, -1014, -939, -784, -563, -294,
0, 294, 563, 784, 939, 1014, 1003, 907, 734, 499, 222, -
74, -364, -623, -829, -965, -1019, -987, -870, -681, -433, -148,
148, 433, 681, 870, 987, 1019, 965, 829, 623, 364, 74, -
222, -499, -734, -907, -1003, -1014, -939, -784, -563, -294,},
173, 499, 768, 948, 1019, 973, 815, 563, 246, -99,
-433, -717, -918, -1014, -993, -857, -623, -318, 25, 364, 662,
883, 1003, 1007, 895, 681, 387, 50, -294, -604, -844, -987, -
1016, -929, -734, -455, -124, 222, 542, 800, 965, 1020, 957,




[image: image45.png]784, 521, 197, -149, -477, -751, -939, -1018, -980, -830, -583, -
270, 74, 410, 699, 907, 1011, 998, 871, 643, 341,1%,

197, 563, 844, 998, 1003, 857, 583, 222, -173, -542,
-830, -993, -1007, -871, -604, -246, 149, 521, 815, 987, 1011,
883, 623, 270, -124, -499, -800, -980, -1014, -895, -643, -294,
99, 4717, 784, 973, 101le, 907, 662, 318, -74, -455, -768, -
965, -1018, -918, -681, -341, 50, 433, 751, 957, 1019, 929,
699, 364, -25, -410, -734, -948, -1020, -939, ~-717, -387,},

222, 623, 907, 1019, 939, 681, 294, -148, -563, -871,
-1014, -965, -734, -364, 74, 499, 829, 1003, 987, 784, 433,
0, -433, -784, -987, -1003, -829, -499, -74, 364, 734, 965,
1014, 871, 563, 148, -294, -681, -939, -1019, -907, -623, -222,
222, 623, 907, 1019, 939, 681, 294, -148, -563, -871, -1014, -
965, -734, -364, 74, 499, 829, 1003, 987, 784, 433, 1},

246, 681, 957, 1011, 829, 455, -25, -499, -857, -10l1e,
-939, -643, -197, 294, 717, 973, 1003, 800, 410, -74, -542,
-883, -1019, -918, -603, -148, 341, 751, 987, 993, 768, 364,
-124, -583, -907, -1020, -895, -563, -99, 387, 784, 998, 980,
734, 318, -173, -623, -929, -1018, -871, -521, -50, 433, 815,
1007, 965, 699, 270, -222, -662, -948, -1014, -844, -477,},

270, 734, 993, 973, 680, 197, -341, -784, -1007, -948,
-623, -124, 410, 829, 101se, 918, 563, 50, -477, -870, -1020,
-883, -499, 25, 542, 907, 1018, 844, 433, -99, -603, -939, -
1011, -799, -364, 173, 662, 965, 998, 751, 294, -246, 717,
-987, -980, -699, -222, 317, 768, 1003, 957, 643, 148, -387,
-815, -1014, -929, -583, -4, 455, 857, 1019, 895, 521,1},

294, 784, 1014, 907, 499, -74, -623, -965, -987, -680,
-14s8, 433, 870, 1019, 829, 364, -222, -734, -1003, -939, -563,
0, 563, 939, 1003, 734, 222, -364, -829, -1019, -870, -433,
148, 680, 987, 965, 623, 74, -499, -907, -1014, -784, -294,
294, 784, 1014, 907, 499, -74, -623, -965, -987, -680, -148,
433, 870, 1019, 829, 364, -222, -734, -1003, -939, -563,},

317, 829, 1020, 815, 294, -341, -844, -1019, -800, -270,
364, 857, 1018, 784, 246, -387, -870, -10le6, -768, -222, 410,
883, 1014, 751, 197, -433, -895, -1011, ~-734, ~-173, 455, 907,
1007, 717, 148, -477, -918, -1003, -699, -124, 499, 929, 998,
681, 99, -521, -939, -993, -662, -74, 542, 948, 987, 643,
50, -563, -957, -980, -623, -25, 583, 965, 973, 603, 1},

341, 870, 1011, 699, 74, -583, -980, -939, -477, 197,
784, 1020, 800, 222, -455, -929, -987, -603, 50, 681, 1007,
883, 364, -317, -857, -1014, -717, -99, 563, 973, 948, 499, -
173, -768, -1019, -815, -246, 433, 918, 993, 623, -25, -662, -
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