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_____________________________ 
Abstract 
This contribution provides the cross-verification for I2R’s test contributed in CE7. Both performance and encoding/decoding time measurement are verified.
Algorithm description 
The proposed tool uses two transform matrices for intra prediction mode-dependent transform coding of intra predicted residuals: a DCT and a derived KLT (DST Type-VII). The choice of row and column transform is further specified for the 34 intra prediction modes in the unified intra prediction in TMuC.

There is the brief summary of this tool in Table 1.

Table 1 I2R’s fast MDDT implementation summary

	Applied for TU sizes
	4,8

	Number of additional transform core for each size
	2

	TMuC Quantization matrix re-use
	No

	TMuC Transform core re-use
	No

	Scan modification
	No

	Bit depth for calculations
	64 bits


Test results
Proponent provided s/w for verification test in time.
After code investigation we conclude that test totally matches with algorithm description. Only transform core was changed without additional modification (like scan modification) typically improving alternative transform performance. This test satisfies CE7 requirements.

Alternative transform is applied for Intra TU of 4x4 and 8x8 sizes.  
Two additional transform cores (of each size 4x4 and 8x8) are introduced by this proposal. Mathematically one is DCT and another is DST. Proponent made fast implementation for both DCT and DST 4x4; DCT 8x8. For DST 8x8 matrix multiplication is used.

Transforms introduced here use different from TMuC transform core quantization and de-quantization matrices. Total size of new quantization matrices is 960 elements. 

We tested provided s/w using 2 test configurations: Intra-HE, Intra-LC, random-access-HE and random access LC (according to CE7 agreement). Performance totally matches with proponent data, encoding/decoding time measurement show very similar tendency with proponent data.

Our verification test results are summarized in Table II. 
Table II Test results: TMuC 0.9 with I2R’s low complexity MDDT vs TMuC 0.9.

	
	
	Intra
	
	
	Intra-LC
	

	
	Y
	U
	V
	Y
	U
	V

	Class A
	-2.23
	-2.54
	-2.58
	-3.57
	-1.47
	-1.02

	Class B
	-0.86
	-1.13
	-1.11
	-1.69
	-1.12
	-0.94

	Class C
	-1.19
	-1.02
	-1.01
	-1.88
	-1.14
	-1.11

	Class D
	-1.33
	-1.12
	-1.04
	-1.86
	-1.01
	-0.97

	Class E
	-1.50
	-1.75
	-1.49
	-2.74
	-0.44
	-0.89

	All
	 -1.30
	-1.36
	-1.30
	-2.15
	-1.03
	-0.98

	Enc Time[%]
	102%
	100%

	Dec Time[%]
	103%
	102%

	
	
	
	
	
	
	

	　
	Random access
	Random access LoCo

	
	Y
	U
	V
	Y
	U
	V

	Class A
	-0.91
	-0.50
	-0.72
	-1.24
	-0.16
	0.14

	Class B
	-0.48
	-0.26
	-0.43
	-0.64
	-0.28
	-0.31

	Class C
	-0.60
	-0.29
	-0.45
	-0.63
	-0.27
	-0.31

	Class D
	-0.61
	-0.34
	-0.15
	-0.54
	-0.20
	-0.16

	Class E
	
	
	
	
	
	

	All
	-0.61
	-0.32
	-0.33
	-0.69
	-0.24
	-0.21

	Enc Time[%]
	102%
	99%

	Dec Time[%]
	102%
	100%


Verified tool improves TMuC performance in Intra-only configuration by 1.30% (HE)/2.15% (LC) and in random-access configuration by 0.61% (HE) /0.69% (LC).
1 Conclusions
Low complexity MDDT from I2R shows nice performance improvement for TMuC without noticeable encoder or decoder time increment. 
From our understanding for DCT part of this algorithm already existing in TMuC 4x4 and 8x8 transform core can be-reused. In this case no redundant transform core will be introduced by this algorithm. We do believe that even for DST part proponent can find the way to re-use TMuC quantization. After that this algorithm will require really minimal additional memory usage and minimal change of TMuC transform part.
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