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Abstract
Sign prediction is a part of ECM-1.0. It was found to be one of the hot spot in ECM-1.0. This contribution proposes a method to reduce the computation of sign prediction in ECM-1.0. Using ECM-1.0 as reference and the common test conditions in JVET-V2017, the BDR of the proposed method for AI/RA is x.xx%/y.yy% The encoder time for AI/RA is x.xx%/y.yy%,. The decoder time for AI/RA is x.xx%/y.yy%. Results for LB shall be added when available.
Introduction
Sign prediction in ECM-1.0 is based on JVET-D0031 [2]. In ECM-1.0 [1], a maximum of 8 signs of the non-zero transform coefficients in the lowest 4x4 frequency components of a TU are to be predicted.
When predicting  signs of the transform coefficients in a TU, the encoder and decoder search for the  signs, in the order of Gray code, which minimize a cost function of the discontinuity at the border of the current TU in spatial domain. According to JVE-D0031, each search point of the  sign bits is called a hypothesis. For  sign bits, there are a total of  hypothesis.
As shown in Figure 1, for each reconstructed pixel  at the LHS of the reconstructed block, a simple linear prediction using the two pixels to the left, when available, is performed to get its prediction  . The absolute difference between this prediction and the reconstructed pixel  is added to the cost of the hypothesis. 
Similar processing occurs for pixels in the top row of the reconstructed block, when it is available, to get the prediction . The absolute difference between this prediction and the reconstructed pixel is added to the cost of the hypothesis.
The computation of sign prediction was found to be a hot spot in ECM-1.0. This contribution is intended to lower the computation of this hot spot by reducing the complexity of the cost function.


[bookmark: _Ref75963318]Figure 1: Calculation of the cost of a hypothesis reconstructed border when both left and top reconstructed neighbor pixels are available.
Computation reduction of sign prediction
In ECM-1.0, the computation of the cost function of sign prediction depends on the width and height of the TU. To reduce the computation of sign prediction, this contribution proposes to use only 4 samples from the top border and 4 samples from the left border in the cost function as shown in Figure 2. 
For a TU with width and height the 4 top border samples are located at the following horizontal locations as shown by the lighter grey pixels in Figure 2:


where  represents integer division as in C. The 4 left border samples are located at the following vertical locations as shown by the darker grey pixels in Figure 2:




[bookmark: _Ref75963210]Figure 2: Proposed calculation of the cost of a hypothesis reconstructed border, when both left and top reconstructed neighbor pixels are available, using only 8 samples of linear predictions as indicated by the grey pixel locations.
Results
Using ECM-1.0 as reference and the common test conditions in JVET-V2017 [3], the BDR of the proposed method for AI/RA is x.xx%/y.yy% The encoder time for AI/RA is x.xx%/y.yy%,. The decoder time for AI/RA is x.xx%/y.yy%. Results for LB shall be added to Table 1when available.

[bookmark: _Ref75982211]Table 1: AI and RA test results using CTC in JVET-V2017.
	
	All Intra Main10 

	
	Over ECM-1.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.04%
	0.04%
	0.07%
	99%
	98%

	Class A2
	0.05%
	0.02%
	-0.03%
	98%
	97%

	Class B
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class C
	0.05%
	0.11%
	0.00%
	98%
	101%

	Class E
	0.04%
	-0.07%
	0.14%
	99%
	100%

	Overall 
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class D
	0.02%
	0.02%
	0.11%
	98%
	97%

	Class F 
	0.07%
	0.20%
	0.05%
	99%
	99%

	Class TGM
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!

	
	
	
	
	
	

	
	Random Access Main 10

	
	Over ECM-1.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class A2
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class B
	0.07%
	-0.01%
	0.19%
	98%
	98%

	Class C
	0.08%
	0.17%
	0.02%
	99%
	98%

	Class E
	 
	
	 
	 
	 

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class D
	0.02%
	0.17%
	-0.21%
	99%
	99%

	Class F 
	0.11%
	-0.21%
	0.04%
	99%
	99%

	Class TGM
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!

	
	
	
	
	
	

	
	Low delay B Main10 

	
	Over ECM-1.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class C
	0.05%
	0.10%
	-0.03%
	98%
	97%

	Class E
	-0.05%
	-0.57%
	-1.61%
	98%
	96%

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class D
	0.08%
	0.18%
	-0.07%
	99%
	99%

	Class F 
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class TGM
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!



	
	All Intra Main10 

	
	Over VTM-10.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!

	Class A2
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!

	Class B
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class C
	0.05%
	0.11%
	0.00%
	97%
	97%

	Class E
	0.04%
	-0.07%
	0.14%
	98%
	97%

	Overall 
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!

	Class D
	0.02%
	0.02%
	0.11%
	98%
	96%

	Class F 
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class TGM
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!

	
	
	
	
	
	

	
	Random Access Main 10

	
	Over VTM-10.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!

	Class A2
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!

	Class B
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class C
	0.08%
	0.17%
	0.02%
	99%
	99%

	Class E
	 
	
	 
	 
	 

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!

	Class D
	0.02%
	0.17%
	-0.21%
	99%
	99%

	Class F 
	#VALUE!
	#VALUE!
	#VALUE!
	#NUM!
	#NUM!

	Class TGM
	#VALUE!
	#VALUE!
	#VALUE!
	#DIV/0!
	#DIV/0!
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