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Abstract

This report summarizes a BoG on transforms meeting held from approximately 11:00 to 13:00 on Friday, March 18, 2011. The purpose of this BoG was to get a better understanding of implementation and complexity-related aspects of the alternative transforms from JCTVC-E074, JCTVC-E098, and JCTVC-E125, so that informed decisions on whether to adopt these transforms could be made. Developments that occurred after the meeting are also reported here, because they may simplify the decision process.
1 Introduction

At the end of the Core Experiment 7 discussions on Thursday, it was decided to form a BoG on Transforms to clarify any complexity, implementation, and performance questions related to the alternative transforms of JCTVC-E074, JCTVC-E098, and JCTVC-E125. A meeting for the BoG on Transforms was held from approximately 11:00 to 13:00 on Friday, March 18, 2011. Approximately 25-30 people attended. This report contains a summary of the meeting.
2 BoG Meeting Summary

2.1 Review of transforms
JCTVC-E125 and JCTVC-E098 both implement a very similar mode-dependent DCT/DST on 4x4 and 8x8 blocks, so it was agreed to refer to this transform as JCTVC-E125. For 16x16 and larger, the 2-D HM core transform is used. The DCT portion of the DCT/DST is the same as that used in HM.
JCTVC-E074: For 4x4 blocks, it uses a matrix-multiplication implementation of JCTVC-E125. For 8x8 blocks and larger, it applies a 4x4 transform on the lower-frequency coefficients output from the HM core transform. This 4x4 transform is mode-dependent, where the mode determines whether a DST is applied horizontally and/or vertically.
All these transforms operate only on Intra slices.

2.2 Performance

As part of CE7, JCTVC-E125 was tested when used for 4x4 and 8x8 blocks, and for 4x4 blocks only. JCTVC-E074 was applied as described in the previous section. The overall average BD-Rate gains for HE and LC configurations are shown in Table 1.
Table 1. BD-Rate performance

	
	JCTVC-E125
	JCTVC-E074

	
	4x4 only
	4x4 & 8x8
	As described above

	I-HE
	-0.8
	-1.0
	-1.1

	I-LC
	-1.3
	-1.8
	-1.7

	RA-HE
	-0.3
	-0.4
	-0.5

	RA-LC
	-0.5
	-0.7
	-0.7


2.3 Operation counts

Worst-case operation counts for each proposal are shown in Table 2. Since JCTVC-E243 will be adopted into the software, operations for that are provided as well. Please note that these are worst-case op counts, where the most complex transforms are applied all the time. Average op counts are available in the corresponding transform proposals and CE7 summary.
For JCTVC-E074, since it is a 4x4 transform applied after the core transform for 8x8 and larger block sizes, the op counts for those cases are incremental, which would be added to the op counts for the core transform used before it.
Table 2. Worst-case operation counts

	Transform size
	 
	HM transform
	JCTVC-E243 partial butterfly implementation of 2-D inverse DCT
	JCTVC-E125 fast implementation
	JCTVC-E074 uses full matrix multiply implementations. 4x4: One transform, similar to E125. 8x8 and larger: 4x4 transform applied after HM transform

	4x4
	Mults
	0
	48
	72
	128

	
	Adds
	80
	64
	160
	144

	
	Shifts
	32
	32
	80
	32

	
	
	
	
	
	 

	8x8
	Mults
	0
	352
	1024
	+128

	
	Adds
	640
	448
	1024
	+128

	
	Shifts
	352
	64
	352
	+16

	
	
	
	
	
	 

	16x16
	Mults
	1408
	2752
	 
	+128

	
	Adds
	2624
	3200
	
	+128

	
	Shifts
	1600
	256
	 
	+16

	
	
	
	
	
	 

	32x32
	Mults
	7424
	21888
	 
	+128

	
	Adds
	13440
	23808
	
	+128

	
	Shifts
	7296
	2048
	 
	+16


2.4 Implementation details, comments, and answers to questions
For all cases, the existing HM quantization and scans were used.
For JCTVC-E125 (Mode-dependent DCT/DST)
· The 4x4 and 8x8 DST precision is 8 bits signed.
· The op counts included here correspond to the transforms that were fully tested and cross-checked as part of CE7.
· It was suggested that the 4x4-only configuration could be proposed, because most of the gains from the 4x4 & 8x8 configuration came from the 4x4 transform.

· An implementation of this transform on top of the JCTVC-E243 core transform has been done recently.

For JCTVC-E074 (secondary 4x4 mode-dependent DST):
· In the current software implementation, the bit-precision used in the 4x4 DST matrix is 32 bits for the inverse transform, and 64 bits for the forward transform. There was some discussion that the bit-precision of the inverse transform could be reduced to 16 bits.
· The matrix coefficients for the DST are 8 bits signed.

· A detailed diagram clarifying dynamic range inside the transform is shown in Figure 1 of JCTVC-E074.
· There was concern that the hardware implementation, with regard to dynamic range, may be an issue for this transform. Improvement was expected to be possible.

For both proposals:

· It was asked whether data input to the 1-D transform (either the 1st or 2nd) failed to be within 16 bits, since that test was done in CE10 on core transforms. For the CE7 alternative transforms discussed in this BoG, this is not an issue because for the JCTVC-E074 implementation, the internal bit-depth was greater than 16 bits for both forward and inverse transforms. For JCTVC-E125, the 16-bit limit is guaranteed for the forward transform, and the inverse transform accommodates more than 16 bits.

· It was noted that the performance of any transform and the performance of any Intra prediction method may be related. It was also commented that the performance of all tools are related. 
2.5 Conclusions from the BoG meeting
· It was agreed that the similar mode-dependent DCT/DST tools of JCTVC‑E125 and JCTVC‑E098 will be referred to as JCTVC‑E125.

· Some participants in the BoG wanted to wait until the above tables and this report were available before making a decision on a recommendation.

Now that the report is available, it should be possible to draw some conclusions. The overall question is whether to recommend adopting either JCTVC-E074 or JCTVC-E125 (either the 4x4-only or 4x4 & 8x8 case) into HM and/or the software. There were some developments that occurred after the BoG meeting that will simplify the decision process.
2.6 Developments after the BoG meeting
After the BoG met, there were extensive discussions among the proponents and BoG Chair regarding the questions and comments from the meeting participants. Given the performance of the 4x4 mode-dependent DCT/DST, consensus was obtained among proponents to recommend that only this transform be adopted, and that the 8x8 and secondary transform tools should be further studied. Specifically, the consensus among proponents is:
· JCTVC‑E125 and JCTVC‑E098 will be referred to as JCTVC‑E125, due to their similarity.
· The 4x4 mode-dependent DCT/DST of JCTVC-E125 should be recommended for adoption.
· JCTVC-E074 and the 8x8 transforms of JCTVC-E125 should both be further studied in a CE.
· This reduced set of recommendations from the proponents should be reported to JCT-VC and/or the BoG for discussion and final recommendations.
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