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Abstract

This contribution is to provide information on guideline of the balance between computational complexity and coding performance to be considered toward HEVC test model definition. At the last Dresden meeting, the group made successful progress such that a recommended toolset “TMuC” [1] as the starting point for defining test model was created. To clarify the process of test model definition from manufacturer’s viewpoint, this document discusses two topics to suggest how to proceed test model definition from TMuC, 1) performance/complexity trade-off of the CfP submissions made at Dresden meeting, and 2) tool based evaluation using software of some best performing proposals those have been made available to the group so far. 
1 Introduction

At the last Dresden meeting, the group made successful progress such that a recommended toolset “TMuC” [1] as the starting point for defining test model was created. Although it contains some tools picked up from low-complexity proposal such as TENTM[2], main guideline was to pick up coding tools that are expected to give superior coding performance without touching their complexity factor so much. 
In this document, we discuss performance-complexity trade-off of each CfP submission based on information provided with CfP proposal package documents. This discussion shows that some of the best performing proposal packages those have been basis of TMuC rely on quite a lot of computations, and suggests a direction toward defining test model. We also report tool-basis performance evaluation results using available codec software kindly submitted from several best performing proponents. These results present that most of coding gain would be coming from large block size support and adaptive in-loop Wiener filter.

Given the information from this contribution, we propose to define the first test model with promising set of best performing tools, and to make careful evaluations for other additional tools on performance/complexity impact through TE/AHGs and establishing a group studying implementation matter.
2 Performance/Complexity balance of the CfP submissions
At the last Dresden meeting, 27 CfP submissions were evaluated and, as the result, the group defined TMuC as the starting point for test model discussion, mainly focusing on coding performance but without discussing complexity factor sufficiently due to lack of time. From the viewpoint of development of UHDTV hardware codec or HD mobile devices, which will be major application domains for HEVC standard, it is quite important to consider computational complexity of a tool if it justifies coding efficiency. 

Figure 1 summarizes objective performance (measured by BD rate reduction) vs. encoding time for class A case that was reported in each proposal. It is noted that the encoding time observed here is just a rough estimation of each proposal’s encoding complexity assuming that most of simulation runs would utilizes the most high-end workstation available now, even though it does not represent true algorithmic complexity as agreed in the discussion for CfP definition. Some of them are estimated from the encoding time for class B when encoding time for class A is not provided. This figure also contains plots on “estimated” MPEG-2 and MPEG-4 Visual standards. These additional plots are obtained by using JM16.2 with modified configurations to disable features those are not supported in old standards.   

Interestingly, coding performance of AVC/H.264 almost corresponds to 2x gain and 10x encoding time relative to toolset corresponding to MPEG-2/MPEG-4 Visual standards. As specified in the requirement document, one of the goals of HEVC standard is to achieve 2x gain relative to AVC/H.264 within the complexity that is realistic in the market at the completion of standardization. Considering that the further progress of H/W implementation technologies is highly relying on multi-core solutions and input video resolution for most of video applications should be getting higher, it would be tough challenge to allow 10x algorithmic complexity relative to AVC/H.264 to achieve the goal even if Moore’s law will further be valid. In this sense, test model we should start with needs to be defined carefully to meet reasonable complexity goal, not solely seeking its coding performance.

We generated an additional plot (“A124 (simplified)”) using A124 software[3], which can obtain one of the best objective performances within all CfP submissions, by disabling various new coding tools specific to A124 package except some common tools to most of CfP proponents such as large MC/transform block sizes or adaptive Wiener filter those can be said promising as shown in section 2. This plot shows that a subset of A124 package with the common tools performs better in terms of performance/complexity balance and can still obtain top-ranking objective performance. It would also be true that specific video coding tools, even including the ones which are already in TMuC, may not the best coding tools in the same logic. Thus, we suggest to make careful evaluations for each tool on performance/complexity impact through TE/AHGs and establishing a group studying implementation matter.
[image: image1.wmf]0

10

20

30

40

50

60

70

80

0.1

1

10

100

1000

Coding time v.s. MPEG-2

Coding gain (BD-rate[%]) from MPEG-2

MPEG-4 AVC/H.264

MPEG-4@ASP

MPEG-2

A125

A127

A115

A116

A111

A106

A108

A110

A118

MITSUBISHI

A123

A104

A122

A114

A121

A124

A124(Simplified)

A105

A103

A119

A101

A117

MPEG

-

2

MPEG

-

4

MPEG

-

4 AVC/H.264

Trend line of MPEG standards

A124 (

CfP

)

A124(simplified)

(1/2)

(1/4)            75

0

10

20

30

40

50

60

70

80

0.1

1

10

100

1000

Coding time v.s. MPEG-2

Coding gain (BD-rate[%]) from MPEG-2

MPEG-4 AVC/H.264

MPEG-4@ASP

MPEG-2

A125

A127

A115

A116

A111

A106

A108

A110

A118

MITSUBISHI

A123

A104

A122

A114

A121

A124

A124(Simplified)

A105

A103

A119

A101

A117

MPEG

-

2

MPEG

-

4

MPEG

-

4 AVC/H.264

Trend line of MPEG standards

A124 (

CfP

)

A124(simplified)

(1/2)

(1/4)            75


Figure 1  BD rate vs. Encoding time of CfP submissions for class A case
3 Tool based evaluations with available software

We conducted tool based evaluations using software those have kindly been made available to the group from some best performing proponents. All experiments used selected 2GOP frames (= 2 sec) for class A, B and new SHV sources donated by NHK as listed in Table 1. For each software, anchor stream is generated by turning off non-fundamental coding tools as much as possible, and each tool is evaluated by measuring BD-rate compared with anchor by turning on the target coding tool. Intra coding tools are evaluated using intra only coding, and Inter coding tools are evaluated using Hierarchical B structure. Configurations used for generating anchors and tool evaluations are presented in Annex A.
Table 1. Test Sequences used for the evaluations
	Test Sequence ID
	Test Set
	Original Sequence Name
	Starting Frame Number
	Number of

Frames

	S01
	Class A
	Traffic
	0
	65

	S02
	Class A
	PeopleOnStreet
	0
	65

	S03
	Class B
	Kimono (first scene)
	0
	49

	S04
	Class B
	ParkScene
	0
	49

	S05
	Class B
	Cactus
	0
	97

	S06
	Class B
	BasketballDrive
	0
	97

	S07
	Class B
	BQTerrace
	140
	129

	S19
	Class B
	Kimono (second scene)
	140
	49

	S20
	SHV
	SL_SHV
	0
	129

	S21
	SHV
	nebuta_SHV
	0
	129


Evaluated coding tools are listed in Table 2 using A114[4], A121[5] and A124 software, and the results for each test set and overall average are shown in Figure 2-5. Detailed test results are presented in Annex B.

Table 2. Coding tools evaluated
	Test  ID
	Tool Name
	Software
	Intra tool / Inter tool
	TMuC

Tool

	T1
	Template Matching Averaging
	JCTVC-A114
	Intra
	No

	T2
	Edge-based Prediction
	JCTVC-A114
	Intra
	Yes

	T3
	Intensity Compensation
	JCTVC-A114
	Inter
	Yes

	T4
	Adaptive in-loop Wiener Filter
	JCTVC-A114
	Inter
	Yes

	T5
	Adaptive MV Resolution
	JCTVC-A121
	Inter
	Yes

	T6
	Geometry Partitioning
	JCTVC-A121
	Inter
	Yes

	T7
	Multi-Parameter Intra
	JCTVC-A124
	Intra
	No

	T8
	Color Component Correlation based Prediction
	JCTVC-A124
	Intra
	No

	T9
	Pixel-based Template Matching
	JCTVC-A124
	Intra
	No

	T10
	Combined Intra Prediction
	JCTVC-A124
	Intra
	Yes

	T11
	DCT-based Interpolation Filter
	JCTVC-A124
	Inter
	No

	T12
	Large MC / Transform block size
	JCTVC-A124
	Inter
	Yes

	T13
	Extreme Correction
	JCTVC-A124
	Inter
	No

	T14
	Transform block size for Intra
	JCTVC-A124
	Intra
	Yes
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Figure 2. Average coding gain for Class A test sets
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Figure 3. Average coding gain for Class B test sets
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Figure 4. Average coding gain for SHV test sets
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Figure 5. Average coding gain for over all test sets
According to the test results, it is obvious that T4, T12 and T14 provide much larger coding gain compared to the others. These three coding tools, Large MC block, large transform block and adaptive in-loop Wiener filter, provide more than 8% gain in average for over all test sequences, and more than 10% gain for some specific test sets. Except these top three tools, no tools earned significant gain comparable to them. Note that this set of simulations has been conducted with different code bases each of which has specific encoding process. Further evaluations need to be performed as formal tool experiment process with the following.

· common code base supporting large MC/transform block and adaptive in-loop Wiener filter
· well-defined test conditions
· agreed evaluation criteria taking complexity factor into account
4 Suggestions on test model definition

Given the observations discussed in previous sections, we suggest the following for HEVC test model definition to be done by October meeting.

· Test model shall have generalized block partitioning structure with higher priority, that can support tool performance evaluation depending on MC/transform block size.

· Adaptive in-loop Wiener filter tool shall be supported in the test model with higher priority, but its specification should be determined through TE/AHG discussions with careful consideration on performance-complexity trade-off.

· Other TMuC coding tools or new tools belonging to other technical aspects should be evaluated though TE/AHG discussions with well-defined test conditions including complexity factor to be agreed by the group. A group to study implementation matter to evaluate complexity more precisely may help this discussons.
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Annex A
[A114]

<Anchor configurations>

Used encoder_improved_CS1.cfg with modifications as below:
- Disabled intra 8x8 prediction

- Disabled edge based prediction

- Disabled Template Matching Averaging

- Disabled Non-linear Denoising

- Disabled Wiener filter

- Disabled Motion Sharing

- Disabled AIF

- Used Quarter-pel accuracy

- Disabled Intensity Compensation

[A121]

<Anchor configurations>

      - MVResolution = 0 (1/4-pel)
      - MVCompetition = 0

      - UseIntraMDDT = 1

      - UseHPFilter = 4

      - UseAdaptiveLoopFilter = 1

      - Disabled Geometry Partition

[A124]

<Anchor configurations = “simplified” version>
      - Disabled IBDI
      - Disabled EXC

      - Disabled CCP

      - Disabled CADR

      - Disabled IMR

      - Disabled DIF

      - Disabled LOT

      - Disabled ROT

      - Disabled MPI

      - Disabled TMI
Annex B

[T1] Template Matching Averaging
Table B-1 BD-Rate for T1
	Sequnece
	BD-Rate_Y
	BD-Rate_U
	BD-Rate_V
	BD-Rate_All

	S01
	-0.650 
	-2.267 
	-1.582 
	-0.762 

	S02
	-2.215 
	5.473 
	7.346 
	-1.986 

	S03
	-0.511 
	-1.419 
	-1.024 
	-0.654 

	S04
	-0.522 
	-2.121 
	-1.644 
	-0.871 

	S05
	-2.347 
	-4.818 
	-3.399 
	-2.384 

	S06
	-2.756 
	-2.875 
	-2.965 
	-2.579 

	S07
	-0.916 
	-1.568 
	5.445 
	-0.826 

	S19
	-1.144 
	-2.598 
	-1.794 
	-1.214 

	S20
	-0.682 
	0.460 
	1.543 
	-0.572 

	S21
	-0.283 
	-1.044 
	-0.829 
	-0.334 

	Ave.ClassA
	-1.433 
	1.603 
	2.882 
	-1.374 

	Ave.ClassB
	-1.366 
	-2.566 
	-0.897 
	-1.421 

	Ave.SHV
	-0.482 
	-0.292 
	0.357 
	-0.453 

	Ave.All
	-1.203 
	-1.278 
	0.110 
	-1.218 


[T2] Edge-based Prediction

Table B-2 BD-Rate for T2
	Sequnece
	BD-Rate_Y
	BD-Rate_U
	BD-Rate_V
	BD-Rate_All

	S01
	-0.816 
	-0.779 
	-0.681 
	-0.891 

	S02
	-1.709 
	4.250 
	4.996 
	-1.549 

	S03
	-0.192 
	-0.157 
	-0.457 
	-0.191 

	S04
	-0.082 
	0.119 
	-0.026 
	-0.082 

	S05
	-1.349 
	-1.350 
	-0.896 
	-1.192 

	S06
	-1.571 
	-0.701 
	-1.421 
	-1.219 

	S07
	-1.043 
	1.148 
	5.870 
	-0.953 

	S19
	-0.434 
	-0.117 
	-0.193 
	-0.212 

	S20
	-0.078 
	0.628 
	0.683 
	0.253 

	S21
	0.673 
	0.768 
	0.679 
	0.494 

	Ave.ClassA
	-1.263 
	1.736 
	2.158 
	-1.220 

	Ave.ClassB
	-0.778 
	-0.176 
	0.480 
	-0.641 

	Ave.SHV
	0.297 
	0.698 
	0.681 
	0.374 

	Ave.All
	-0.660 
	0.381 
	0.856 
	-0.554 


[T3] Intensity Compensation

Table B-3 BD-Rate for T3
	Sequnece
	BD-Rate_Y
	BD-Rate_U
	BD-Rate_V
	BD-Rate_All

	S01
	-0.396 
	-0.684 
	-0.753 
	-0.505 

	S02
	0.746 
	0.398 
	0.304 
	0.723 

	S03
	1.145 
	0.891 
	-0.505 
	1.183 

	S04
	0.168 
	0.826 
	-0.077 
	0.134 

	S05
	-1.848 
	-1.649 
	-2.845 
	-1.921 

	S06
	-1.346 
	-4.908 
	-6.971 
	-1.801 

	S07
	-8.077 
	-5.265 
	-6.300 
	-7.879 

	S19
	-1.147 
	-0.761 
	-0.763 
	-1.032 

	S20
	-8.168 
	-7.038 
	-21.333 
	-8.338 

	S21
	-0.267 
	4.622 
	-7.309 
	-0.349 

	Ave.ClassA
	0.175 
	-0.143 
	-0.224 
	0.109 

	Ave.ClassB
	-1.851 
	-1.811 
	-2.910 
	-1.886 

	Ave.SHV
	-4.218 
	-1.208 
	-14.321 
	-4.344 

	Ave.All
	-1.919 
	-1.357 
	-4.655 
	-1.979 


[T4] Adaptive in-loop Wiener filter
Table B-4 BD-Rate for T4
	Sequnece
	BD-Rate_Y
	BD-Rate_U
	BD-Rate_V
	BD-Rate_All

	S01
	-3.851 
	-1.180 
	-1.514 
	-3.418 

	S02
	-6.842 
	-1.986 
	-2.080 
	-6.649 

	S03
	-13.786 
	-1.953 
	-1.814 
	-12.252 

	S04
	-0.720 
	-0.629 
	-0.409 
	-0.809 

	S05
	-1.308 
	2.002 
	0.653 
	-0.940 

	S06
	-5.803 
	-0.606 
	-1.297 
	-5.134 

	S07
	-16.803 
	-5.445 
	-5.151 
	-15.994 

	S19
	-2.957 
	-0.240 
	-1.315 
	-2.770 

	S20
	-19.427 
	-8.136 
	-9.161 
	-18.741 

	S21
	-17.437 
	-4.547 
	-3.087 
	-16.412 

	Ave.ClassA
	-5.346 
	-1.583 
	-1.797 
	-5.033 

	Ave.ClassB
	-6.896 
	-1.145 
	-1.555 
	-6.316 

	Ave.SHV
	-18.432 
	-6.342 
	-6.124 
	-17.577 

	Ave.All
	-8.894 
	-2.272 
	-2.517 
	-8.312 


[T5] Adaptive MV Resolution
Table B-5 BD-Rate for T5
	Sequnece
	BD-Rate_Y
	BD-Rate_U
	BD-Rate_V
	BD-Rate_All

	S01
	-0.456 
	1.047 
	0.857 
	-0.222 

	S02
	-0.300 
	-0.373 
	-0.789 
	-0.308 

	S03
	1.306 
	0.431 
	0.497 
	1.088 

	S04
	0.211 
	0.543 
	0.446 
	0.139 

	S05
	0.882 
	1.867 
	1.706 
	1.029 

	S06
	1.470 
	1.248 
	1.539 
	1.402 

	S07
	-0.863 
	1.714 
	0.055 
	-0.349 

	S19
	0.772 
	0.997 
	1.555 
	0.761 

	S20
	-1.321 
	-0.111 
	-0.653 
	-1.533 

	S21
	0.208 
	4.728 
	5.511 
	0.884 

	Ave.ClassA
	-0.378 
	0.337 
	0.034 
	-0.265 

	Ave.ClassB
	0.630 
	1.133 
	0.966 
	0.678 

	Ave.SHV
	-0.557 
	2.309 
	2.429 
	-0.324 

	Ave.All
	0.191 
	1.209 
	1.072 
	0.289 


[T6] Geometry Partitioning
Table B-6 BD-Rate for T6
	Sequnece
	BD-Rate_Y
	BD-Rate_U
	BD-Rate_V
	BD-Rate_All

	S01
	-4.087 
	-3.458 
	-3.047 
	-3.984 

	S02
	-4.743 
	-6.435 
	-3.549 
	-4.815 

	S03
	-1.323 
	-1.971 
	-1.905 
	-1.411 

	S04
	-3.090 
	-3.004 
	-2.488 
	-3.011 

	S05
	-2.253 
	-2.499 
	-2.680 
	-2.424 

	S06
	-1.629 
	-1.991 
	-2.836 
	-1.728 

	S07
	-1.098 
	-1.290 
	-0.759 
	-1.503 

	S19
	-2.039 
	-1.562 
	-1.540 
	-1.838 

	S20
	-1.866 
	-2.091 
	0.321 
	-1.812 

	S21
	-0.260 
	-1.187 
	-0.874 
	-0.717 

	Ave.ClassA
	-4.415 
	-4.947 
	-3.298 
	-4.400 

	Ave.ClassB
	-1.905 
	-2.053 
	-2.035 
	-1.986 

	Ave.SHV
	-1.063 
	-1.639 
	-0.277 
	-1.265 

	Ave.All
	-2.239 
	-2.549 
	-1.936 
	-2.324 


[T7] Multi-Parameter Intra
Table B-7 BD-Rate for T7
	Sequnece
	BD-Rate_Y
	BD-Rate_U
	BD-Rate_V
	BD-Rate_All

	S01
	-1.566 
	-1.015 
	-1.290 
	-1.422 

	S02
	-0.416 
	-2.623 
	-3.065 
	-0.564 

	S03
	-1.222 
	-0.642 
	-0.706 
	-1.091 

	S04
	-1.828 
	-1.134 
	-1.770 
	-1.822 

	S05
	-1.650 
	-1.189 
	-1.415 
	-1.544 

	S06
	-1.058 
	-1.337 
	-1.254 
	-1.052 

	S07
	-0.910 
	-0.990 
	-1.766 
	-0.920 

	S19
	-1.808 
	-1.175 
	-1.501 
	-1.754 

	S20
	-1.465 
	-0.456 
	-0.818 
	-1.335 

	S21
	-2.416 
	-2.002 
	-1.567 
	-2.309 

	Ave.ClassA
	-0.991 
	-1.819 
	-2.177 
	-0.993 

	Ave.ClassB
	-1.413 
	-1.078 
	-1.402 
	-1.364 

	Ave.SHV
	-1.940 
	-1.229 
	-1.192 
	-1.822 

	Ave.All
	-1.434 
	-1.256 
	-1.515 
	-1.381 


[T8] Color Component Correlation based Prediction
Table B-8 BD-Rate for T8
	Sequnece
	BD-Rate_Y
	BD-Rate_U
	BD-Rate_V
	BD-Rate_All

	S01
	-1.652 
	-1.804 
	-1.149 
	-1.672 

	S02
	-1.232 
	-6.244 
	-1.107 
	-1.615 

	S03
	-1.991 
	-2.144 
	-1.623 
	-2.084 

	S04
	-1.776 
	-1.673 
	-1.969 
	-1.761 

	S05
	-1.611 
	-1.534 
	-0.113 
	-1.287 

	S06
	-1.353 
	-1.811 
	-1.081 
	-1.303 

	S07
	-0.861 
	-1.731 
	2.118 
	-0.901 

	S19
	-1.969 
	-3.943 
	-1.324 
	-2.054 

	S20
	-0.421 
	-3.610 
	-7.015 
	-0.421 

	S21
	-1.151 
	-0.580 
	0.272 
	-0.988 

	Ave.ClassA
	-1.442 
	-4.024 
	-1.128 
	-1.643 

	Ave.ClassB
	-1.593 
	-2.139 
	-0.665 
	-1.565 

	Ave.SHV
	-0.786 
	-2.095 
	-3.371 
	-0.704 

	Ave.All
	-1.402 
	-2.508 
	-1.299 
	-1.409 


[T9] Pixel-based Template Matching
Table B-9 BD-Rate for T9
	Sequnece
	BD-Rate_Y
	BD-Rate_U
	BD-Rate_V
	BD-Rate_All

	S01
	-0.503 
	-0.180 
	-0.096 
	-0.360 

	S02
	-0.846 
	-0.998 
	-0.828 
	-0.877 

	S03
	-0.130 
	-0.079 
	-0.116 
	-0.248 

	S04
	-0.188 
	-0.109 
	-0.362 
	-0.262 

	S05
	-0.794 
	-0.191 
	-0.490 
	-0.569 

	S06
	-1.489 
	-0.669 
	-0.799 
	-1.430 

	S07
	-0.163 
	-0.246 
	-0.074 
	-0.447 

	S19
	-0.447 
	-0.050 
	0.027 
	-0.358 

	S20
	-0.159 
	-0.067 
	-0.611 
	-0.068 

	S21
	-0.108 
	-0.061 
	-0.013 
	-0.062 

	Ave.ClassA
	-0.674 
	-0.589 
	-0.462 
	-0.618 

	Ave.ClassB
	-0.535 
	-0.224 
	-0.303 
	-0.552 

	Ave.SHV
	-0.134 
	-0.064 
	-0.312 
	-0.065 

	Ave.All
	-0.483 
	-0.265 
	-0.336 
	-0.468 


[T10] Combined Intra Prediction
Table B-10 BD-Rate for T10
	Sequnece
	BD-Rate_Y
	BD-Rate_U
	BD-Rate_V
	BD-Rate_All

	S01
	-0.746 
	-2.879 
	-3.015 
	-1.246 

	S02
	-0.990 
	-2.719 
	-2.199 
	-1.066 

	S03
	-0.035 
	-1.138 
	-1.192 
	-0.536 

	S04
	-0.716 
	-2.082 
	-2.473 
	-1.003 

	S05
	-0.940 
	-2.260 
	-2.522 
	-1.017 

	S06
	-0.510 
	-2.830 
	-2.850 
	-0.879 

	S07
	-0.542 
	-1.068 
	-0.710 
	-0.659 

	S19
	-0.647 
	-2.503 
	-2.631 
	-0.965 

	S20
	-0.617 
	-0.171 
	0.360 
	-0.454 

	S21
	-0.642 
	-2.996 
	-2.579 
	-0.954 

	Ave.ClassA
	-0.868 
	-2.799 
	-2.607 
	-1.156 

	Ave.ClassB
	-0.565 
	-1.980 
	-2.063 
	-0.843 

	Ave.SHV
	-0.630 
	-1.583 
	-1.109 
	-0.704 

	Ave.All
	-0.639 
	-2.064 
	-1.981 
	-0.878 


[T11] DCT-based Interpolation Filter
Table B-11BD-Rate for T11
	Sequnece
	BD-Rate_Y
	BD-Rate_U
	BD-Rate_V
	BD-Rate_All

	S01
	-0.467 
	0.004 
	-0.048 
	-0.268 

	S02
	-0.128 
	0.241 
	0.107 
	-0.134 

	S03
	0.035 
	0.235 
	-0.124 
	0.033 

	S04
	-0.731 
	0.016 
	0.021 
	-0.501 

	S05
	-0.685 
	-0.139 
	-0.023 
	-0.676 

	S06
	-0.517 
	-0.142 
	-0.309 
	-0.516 

	S07
	-0.513 
	-0.832 
	-0.557 
	-0.519 

	S19
	-0.286 
	0.036 
	-0.071 
	-0.300 

	S20
	-0.111 
	0.872 
	2.232 
	0.107 

	S21
	0.587 
	-2.825 
	-2.758 
	0.269 

	Ave.ClassA
	-0.298 
	0.122 
	0.030 
	-0.201 

	Ave.ClassB
	-0.449 
	-0.138 
	-0.177 
	-0.413 

	Ave.SHV
	0.238 
	-0.976 
	-0.263 
	0.188 

	Ave.All
	-0.282 
	-0.253 
	-0.153 
	-0.250 


[T12] Large MC / Transform block size
Table B-11 BD-Rate for T11
	Sequnece
	BD-Rate_Y
	BD-Rate_U
	BD-Rate_V
	BD-Rate_All

	S01
	-3.849 
	-8.120 
	-8.437 
	-4.686 

	S02
	-2.030 
	-19.214 
	-21.941 
	-4.166 

	S03
	-23.646 
	-28.122 
	-24.564 
	-24.369 

	S04
	-3.114 
	-9.551 
	-10.051 
	-3.898 

	S05
	-4.812 
	-9.911 
	-11.011 
	-5.684 

	S06
	-17.715 
	-24.606 
	-20.866 
	-18.568 

	S07
	-7.029 
	-11.269 
	-19.707 
	-7.533 

	S19
	-7.031 
	-15.370 
	-13.673 
	-8.210 

	S20
	-9.476 
	-50.922 
	-65.311 
	-12.159 

	S21
	-8.195 
	-7.716 
	-10.076 
	-8.410 

	Ave.ClassA
	-2.939 
	-13.667 
	-15.189 
	-4.426 

	Ave.ClassB
	-10.558 
	-16.472 
	-16.645 
	-11.377 

	Ave.SHV
	-8.836 
	-29.319 
	-37.694 
	-10.285 

	Ave.All
	-8.690 
	-18.480 
	-20.564 
	-9.768 


[T13] Extreme Correction 
Table B-13 BD-Rate for T13
	Sequnece
	BD-Rate_Y
	BD-Rate_U
	BD-Rate_V
	BD-Rate_All

	S01
	-0.640 
	-0.261 
	-0.082 
	-0.550 

	S02
	-2.480 
	-0.042 
	0.018 
	-2.287 

	S03
	-0.358 
	0.249 
	-0.060 
	-0.398 

	S04
	-0.451 
	0.276 
	0.454 
	-0.373 

	S05
	-0.451 
	-0.058 
	-0.114 
	-0.291 

	S06
	-0.937 
	0.148 
	0.483 
	-0.696 

	S07
	-0.492 
	0.244 
	0.914 
	-0.390 

	S19
	-0.259 
	0.161 
	-0.036 
	-0.340 

	S20
	-1.126 
	0.671 
	-0.485 
	-1.049 

	S21
	-1.662 
	-0.148 
	-0.249 
	-1.635 

	Ave.ClassA
	-1.560 
	-0.151 
	-0.032 
	-1.418 

	Ave.ClassB
	-0.491 
	0.170 
	0.273 
	-0.415 

	Ave.SHV
	-1.394 
	0.262 
	-0.367 
	-1.342 

	Ave.All
	-0.885 
	0.124 
	0.084 
	-0.801 


[T14] Transform block size for Intra
Table B-14 BD-Rate for T14
	Sequnece
	BD-Rate_Y
	BD-Rate_U
	BD-Rate_V
	BD-Rate_All

	S01
	-3.727 
	-7.822 
	-7.727 
	-4.529 

	S02
	-1.862 
	-18.634 
	-21.718 
	-3.880 

	S03
	-23.306 
	-27.889 
	-24.300 
	-24.027 

	S04
	-3.008 
	-9.324 
	-9.155 
	-3.790 

	S05
	-4.170 
	-8.876 
	-9.989 
	-4.908 

	S06
	-18.031 
	-24.126 
	-20.440 
	-18.685 

	S07
	-6.221 
	-10.296 
	-18.694 
	-6.547 

	S19
	-6.537 
	-14.432 
	-12.901 
	-7.595 

	S20
	-9.088 
	-47.537 
	-68.255 
	-11.584 

	S21
	-8.143 
	-7.628 
	-9.908 
	-8.358 

	Ave.ClassA
	-2.794 
	-13.228 
	-14.722 
	-4.204 

	Ave.ClassB
	-10.212 
	-15.824 
	-15.913 
	-10.925 

	Ave.SHV
	-8.615 
	-27.582 
	-39.081 
	-9.971 

	Ave.All
	-8.409 
	-17.656 
	-20.309 
	-9.390 
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