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Abstract

Modifications to the memory decay function for probability update in CABAC as presented in JCTVC-F254 are proposed in order to have a symmetric estimator that disallows highly skewed distributions. Further modifications include the replacement of the range multiplication by a series of shifts, thus largely reducing the size of the LPS table. The BD-rates for AI-HE, RA-HE and LB-HE configurations are ­0.50%, -0.61%, and -0.55%, respectively.
Introduction
In CABAC, after encoding a symbol, probabilities may be updated according to the value of the coded symbol. In [1], a method based on exponential memory decay is used instead of the table look-up of HEVC. Later, [2] proposed the same method with two variants: the one model case and the multi-parameter case. In the multi-paramter case, the number of operations to update the probabilities and the memory requirements to keep the states are more than twice those of the one model case. Therefore, this contribution is focused on the one model case.
More specifically, the following issues in the one model version of JCTVC-F254 [2] are addressed:
1. Highly skewed probabilities
· Minimum probability of ~0.00003 (as opposed to ~0.019 in HEVC)
2. Asymmetry of the estimator

· Symbol 0 and 1 updates are not equivalent
3. Large LPS range table size
· Currently 512×64×9 bits
Technical description
The following changes are proposed to avoid the above issues.

1. Introduction of an offset in the estimator to avoid highly skewed probabilities
· Set offset = 256
2. Removal of asymmetry by balancing the asymptotic probability values for symbol 0 and 1

With changes 1 and 2, the exponential memory decay probability update functions become:

· If symbol = 0:    iP0 -=  ( ( iP0 - offset ) >> alfa )  
· If symbol = 1:    iP0 += ( ( ( 32767 - offset ) - iP0 ) >> alfa ) 
where alfa equals 5. The initialization function has to be modified as well to avoid the highly skewed probabilities in the initial values:
       iP0 = 32768 - min( max( 1 + offset, c ), 32767 - offset ) 
3. Reduction of LPS range table size from  512×64×9 bits to 64×4×4 bits
This is achieved by quantizing the range in 64 intervals and for each of them using 4 bit-shift operations to determine the new range given the current probability iP0, as shown below:
·   qrange    = (m_uiRange - 256) >> 2;

·   uiLPS   = ( (iP0<< LPSShifts[qrange][0]) + (iP0<< LPSShifts[qrange][1]) +                    
                              (iP0<< LPSShifts[qrange][2]) - (iP0<< LPSShifts[qrange][3]))>>15;

The multiplication of R*p (range*probability) is cast to 4 bit-shifts (which can be done in parallel). LPSShifts table contains the shifts applied for each quantized range value. Each of the shifts values can be expressed in 4 bits. In this way, the table size is reduced by a factor of 288 times with respect to [2] and by a factor of 2 with respect to HEVC. 
The table values are provided in section 6. Note that there are equivalent implementations with the direct multiplication R*p.
Results
This method is implemented in HM4.0. Simulation results are presented for the high efficiency common test conditions. Table 1 shows the results for this method. The BD-rate is ­0.50%, -0.61%, and -0.55%, for AI, RA and LB configurations, respectively. Detailed results including LP configuration and class F are provided in the accompanying excel file.
	
	All Intra HE
	Random Access HE
	Low delay B HE

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V

	Class A
	-0.58%
	-0.56%
	-0.58%
	-0.71%
	-0.18%
	0.33%
	 
	 
	 

	Class B
	-0.49%
	-0.82%
	-0.81%
	-0.57%
	-0.70%
	-0.76%
	-0.49%
	-0.69%
	-1.15%

	Class C
	-0.47%
	-0.94%
	-1.01%
	-0.52%
	-0.80%
	-0.79%
	-0.49%
	-0.90%
	-1.03%

	Class D
	-0.49%
	-1.53%
	-1.61%
	-0.63%
	-1.18%
	-1.38%
	-0.72%
	-0.95%
	-1.33%

	Class E
	-0.46%
	-1.17%
	-1.19%
	 
	
	 
	-0.52%
	-1.62%
	-1.69%

	Overall
	-0.50%
	-0.99%
	-1.02%
	-0.61%
	-0.71%
	-0.66%
	-0.55%
	-0.98%
	-1.26%

	Enc Time[%]
	103%
	99%
	103%

	Dec Time[%]
	98%
	100%
	98%


Table 1. BD-rates compared to HM4.0
Table 2 shows the comparison of the BD-rate for the proposal with respect to the One Model version described in JCTVC-F254 on HM4.0. 
	
	All Intra HE
	Random Access HE
	Low delay B HE

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V

	Class A
	0.26%
	-0.53%
	-0.53%
	0.13%
	-1.00%
	-1.15%
	 
	 
	 

	Class B
	0.12%
	-0.16%
	-0.21%
	-0.05%
	-0.50%
	-0.72%
	-0.08%
	-0.92%
	-1.16%

	Class C
	0.12%
	-0.07%
	-0.16%
	-0.07%
	-0.18%
	-0.45%
	-0.11%
	-0.60%
	-0.55%

	Class D
	0.17%
	0.00%
	-0.15%
	-0.20%
	-0.55%
	-0.27%
	-0.34%
	-0.55%
	-0.77%

	Class E
	0.09%
	-0.38%
	-0.27%
	 
	
	 
	-0.45%
	-0.12%
	-1.10%

	Overall
	0.16%
	-0.22%
	-0.26%
	-0.05%
	-0.55%
	-0.65%
	-0.22%
	-0.60%
	-0.90%

	Enc Time[%]
	99%
	97%
	101%

	Dec Time[%]
	98%
	98%
	97%


Table 2. BD-rates compared to JCTVC-F254 One Model version
Conclusions

Some of the issues found in [2] have been addressed in this contribution. The performance is increased with respect to the one model case.
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