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Abstract
Core experiment 1 on CABAC initialization was conducted between the 14th and 15th JVET meeting. Results are reported for five experiments, all aimed at simplifying the CABAC initialization process.
Summary
This section provides a summary of the CE. Detailed reports are provided in the following input contributions, which were provided in a timely manner:
· JVET-O0065: CE1-1.2 and CE1-2.1: Simplification of CABAC initialization process
· JVET-O0085: CE1-1.1: Simplification of the initialization process for context variables
· JVET-O0112: CE1: CABAC Initialization, all experiments

All software related to this CE is available on a protected git repository: https://vcgit.hhi.fraunhofer.de/jvet-n-ce1/VVCSoftware_VTM.git
Experiments description
Detailed descriptions of experiments are provided in the CE description document JVET-N1021. At a high-level, experiments can be distinguished between:
· Methods that use a 6-bit initValue (CE1-1.1, CE1-1.2, CE1-3.1.b) and methods that use an 8-bit initValue (CE1-2.1, CE1-3.1.a)
· Methods that use a linear space (CE1-1.1, CE1-1.2, CE1-2.1) and methods that use a logarithmic space (CE1-3.1.a, CE1-3.1.b)

Coding efficiency
In addition to regular CTC conditions, the “random access” configuration was also tested at very low (2-17) and very high (42-57) QP values. The table below captures BD rate difference averages for the luma component.

	
	Experiment
	AI
	RA
	LB
	LP
	RA (low)
	RA (high)

	6-bit
	Linear Space
	CE1-1.1
	-0.02%
	0.01%
	0.04%
	0.00%
	-0.01%
	0.66%

	
	
	CE1-1.2
	-0.02%
	-0.01%
	0.03%
	-0.09%
	-0.01%
	0.22%

	8-bit
	
	CE1-2.1
	-0.02%
	-0.02%
	-0.01%
	-0.07%
	-0.02%
	0.74%

	
	Logarithmic Space
	CE1-3.1.a
	-0.01%
	-0.02%
	-0.01%
	-0.02%
	0.00%
	0.33%

	6-bit
	
	CE1-3.1.b
	0.00%
	0.00%
	0.00%
	-0.04%
	0.01%
	0.65%



Coding efficiency differences are minor except for the very high QP values case. In general, no significant differences in coding efficiency are observed between:
· Methods that use a 6-bit initValue (CE1-1.1, CE1-1.2, CE1-3.1.b) and methods that use an 8-bit initValue (CE1-2.1, CE1-3.1.a)
· Methods that use a linear space (CE1-1.1, CE1-1.2, CE1-2.1) and methods that use a logarithmic space (CE1-3.1.a, CE1-3.1.b)

Complexity Analysis
No complexity analysis metric was defined in the CE description. Nevertheless, at a high level, the following can be said about the methods studied in this CE:
· all methods are less complex than the method in the current VVC draft because they avoid a large lookup table
· methods that use a logarithmic space (CE1-3.1.x) are a bit more complex because a log-to-linear conversion needs to be done
· methods that use a 6-bit initValue (CE1-1.1, CE1-1.2, CE1-3.1.b) do not require more operations than those that use an 8-bit initValue (CE1-2.1, CE1-3.1.a)


An analysis of operation counts for each method is provided below, based on the implementations provided in the CE software repository. Note that multiplications by a constant are counted as combinations of shift and add operations. Also note that the bit width of each operation is not considered here.

	
	Shift 
(<<, >>)
	Multiplication
(×)
	Addition
(+/-)
	AND 
(&)
	XOR 
(^)
	Compare
(if, Clip3)

	CE1-1.1
	7
	1
	5
	1
	0
	4

	CE1-1.2
	5
	1
	5
	1
	0
	2

	CE1-2.1
	4
	1
	4
	1
	0
	2

	CE1-3.1.a
	8
	1
	8
	2
	1
	2

	CE1-3.1.b
	10
	1
	8
	2
	1
	2



Additionally, cycle counts based on optimized software implementations are reported in JVET-O0191.
Training time
A common initial state training algorithm was used for all experiments. The training algorithm is split in 3 steps:
· Bin extraction
· Rate computation
· Parameter selection

The first two steps can be run concurrently for each bitstream in the test set. The last step is run once and uses data extracted from all bitstreams.
Tools for training were kindly provided by Fraunhofer HHI. A revision to the tools was provided on May 24, 2019 after it was pointed out that the initial implementation included a bit count rounding operation that wasn’t described in JVET-N1021.

Training times were reported as follows:
	Source
	Experiments
	Time

	HHI
	CE1-1.1
	All bitstreams combined: 3.37h for bin extraction 17.44h for rate computation, 0.72h for parameter selection. Slowest bitstream: 50min for rate computation (BQTerrace LB QP22)

	Sharp
	CE1-3.1.b
	2.51h for bin extraction, 15.05h for rate computation,
0.59h for parameter selection. Slowest bitstream: 89min for all steps

	Sharp
	CE1-3.1.a
	2.51h for bin extraction, 60.98h for rate computation, 0.86h for parameter selection. Slowest bitstream: 262min for all steps



As expected, training for experiments that use a 6-bit initValue (CE1-1.1, CE1-1.2, CE1-3.1.b) is faster than for experiments that use an 8-bit initValue (CE1-2.1, CE1-3.1.a) by a factor of 3-4x. The amount of time required for training is much smaller than the amount of time required to generate bitstreams used for training. For instance, in a distributed environment, training can be completed in a matter of hours, where bitstream generation takes days.
Testers and Crosscheckers

	Experiment
	Tester
	Crosschecker
	Crosschecker comment

	CE1-1.1
	HHI
	Qualcomm, Sharp
	The results provided in the first version of JVET-O0085 are incorrect (as mentioned in the document) as the incorrect version of the training tools was used. Otherwise everything as expected.

	CE1-1.2
	Qualcomm
	Sharp, HHI
	Implementations and results are verified.

	CE1-2.1
	Qualcomm
	Sharp, HHI
	Implementations and results are verified.

	CE1-3.1.a
	Sharp
	HHI, Qualcomm
	Implementations and results are verified.

	CE1-3.1.b
	Sharp
	HHI, Qualcomm
	Implementations and results are verified.



Other contributions related to CE1
The following contributions related to CE1 have been registered:
· JVET-O0191: CE1-related: Simplified CABAC initialization method

Detailed results
Experiment 1.1: 6-bit init value, linear space
Regular QP values:

	
	 
	 
	All Intra
	 
	 
	 

	
	 
	
	Over VTM-5.0
	
	
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	0.00%
	0.05%
	-0.02%
	0.00%
	101%
	101%

	Class A2
	-0.01%
	0.01%
	0.00%
	-0.01%
	99%
	100%

	Class B
	-0.01%
	0.06%
	0.07%
	-0.01%
	101%
	102%

	Class C
	-0.03%
	0.01%
	0.11%
	-0.02%
	102%
	101%

	Class E
	-0.05%
	0.06%
	-0.06%
	-0.04%
	101%
	100%

	Overall
	-0.02%
	0.04%
	0.03%
	-0.01%
	101%
	101%

	Class D
	-0.04%
	0.20%
	0.08%
	-0.01%
	100%
	100%

	Class F
	0.00%
	0.11%
	0.11%
	0.02%
	100%
	101%

	
	
	
	
	
	
	

	
	 
	 
	Random Access
	 
	 
	 

	
	 
	
	Over VTM-5.0
	
	
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	0.00%
	0.17%
	0.21%
	0.01%
	100%
	101%

	Class A2
	0.03%
	0.32%
	0.11%
	0.06%
	100%
	101%

	Class B
	0.03%
	0.24%
	-0.14%
	0.03%
	100%
	101%

	Class C
	-0.03%
	0.08%
	0.12%
	-0.03%
	101%
	101%

	Class E
	 
	
	 
	 
	 
	 

	Overall
	0.01%
	0.20%
	0.05%
	0.02%
	100%
	101%

	Class D
	0.01%
	0.35%
	0.37%
	0.04%
	101%
	101%

	Class F
	0.00%
	0.17%
	0.16%
	0.01%
	100%
	101%

	
	
	
	
	
	
	

	
	 
	 
	Low delay B
	 
	 
	 

	
	 
	
	Over VTM-5.0
	
	
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	
	 
	 

	Class B
	0.01%
	0.68%
	-0.15%
	0.04%
	102%
	102%

	Class C
	-0.01%
	0.57%
	0.15%
	0.03%
	100%
	101%

	Class E
	0.14%
	1.26%
	0.40%
	0.20%
	100%
	103%

	Overall
	0.04%
	0.79%
	0.09%
	0.08%
	101%
	102%

	Class D
	0.04%
	0.04%
	0.83%
	0.07%
	101%
	101%

	Class F
	-0.02%
	-0.25%
	-0.68%
	-0.11%
	100%
	101%

	
	
	
	
	
	
	

	
	 
	 
	Low delay P
	 
	 
	 

	
	 
	
	Over VTM-5.0
	
	
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	
	 
	 

	Class B
	-0.02%
	0.49%
	0.28%
	0.00%
	104%
	103%

	Class C
	-0.02%
	0.33%
	0.35%
	0.00%
	101%
	100%

	Class E
	0.05%
	1.09%
	0.65%
	0.12%
	99%
	101%

	Overall
	0.00%
	0.58%
	0.39%
	0.03%
	102%
	102%

	Class D
	0.01%
	0.20%
	0.95%
	0.04%
	97%
	98%

	Class F
	-0.08%
	-0.11%
	-0.43%
	-0.02%
	99%
	102%




High QP values:

	
	 
	 
	Random Access
	 
	 
	 

	
	 
	
	Over VTM-5.0
	
	
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	0.77%
	1.85%
	0.90%
	0.84%
	98%
	99%

	Class A2
	0.55%
	0.76%
	0.24%
	0.56%
	96%
	100%

	Class B
	0.81%
	1.01%
	0.84%
	0.82%
	94%
	100%

	Class C
	0.46%
	1.05%
	0.65%
	0.48%
	98%
	100%

	Class E
	 
	
	 
	 
	 
	 

	Overall
	0.66%
	1.14%
	0.68%
	0.68%
	96%
	100%

	Class D
	0.97%
	2.17%
	1.29%
	0.98%
	98%
	100%

	Class F
	0.12%
	0.43%
	0.45%
	0.15%
	98%
	100%



Low QP values:

	
	 
	 
	Random Access
	 
	 
	 

	
	 
	
	Over VT-5.0
	
	
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	0.01%
	0.06%
	0.03%
	0.01%
	100%
	102%

	Class A2
	-0.02%
	0.02%
	0.01%
	0.00%
	100%
	101%

	Class B
	-0.01%
	0.04%
	0.03%
	0.01%
	101%
	100%

	Class C
	-0.02%
	0.05%
	0.02%
	-0.01%
	101%
	101%

	Class E
	 
	
	 
	 
	 
	 

	Overall
	-0.01%
	0.04%
	0.02%
	0.00%
	101%
	101%

	Class D
	-0.04%
	0.02%
	0.01%
	-0.03%
	101%
	101%

	Class F
	0.22%
	0.02%
	0.01%
	-0.32%
	101%
	101%




Experiment 1.2: 6-bit init value, linear space
Regular QP values:

	
	 
	 
	All Intra
	 
	 
	 

	
	 
	
	Over VTM-5.0
	
	
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	0.00%
	0.01%
	-0.04%
	0.00%
	103%
	101%

	Class A2
	0.00%
	0.01%
	-0.04%
	0.00%
	101%
	101%

	Class B
	-0.01%
	0.02%
	0.02%
	-0.01%
	102%
	101%

	Class C
	-0.02%
	-0.02%
	0.03%
	-0.02%
	102%
	100%

	Class E
	-0.05%
	-0.06%
	-0.04%
	-0.05%
	101%
	99%

	Overall
	-0.02%
	-0.01%
	-0.01%
	-0.02%
	102%
	101%

	Class D
	-0.02%
	0.32%
	-0.15%
	-0.01%
	100%
	100%

	Class F
	-0.01%
	0.12%
	-0.08%
	0.01%
	98%
	100%

	
	
	
	
	
	
	

	
	 
	 
	Random Access
	 
	 
	 

	
	 
	
	Over VTM-5.0
	
	
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	0.00%
	0.02%
	0.12%
	-0.01%
	100%
	102%

	Class A2
	-0.01%
	0.34%
	0.06%
	0.02%
	99%
	102%

	Class B
	0.00%
	0.20%
	-0.13%
	0.00%
	100%
	100%

	Class C
	-0.04%
	0.16%
	-0.05%
	-0.03%
	99%
	100%

	Class E
	 
	
	 
	 
	 
	 

	Overall
	-0.01%
	0.18%
	-0.02%
	0.00%
	100%
	101%

	Class D
	0.02%
	0.29%
	0.00%
	0.03%
	101%
	101%

	Class F
	0.01%
	0.05%
	0.08%
	0.02%
	100%
	100%

	
	
	
	
	
	
	

	
	 
	 
	Low delay B
	 
	 
	 

	
	 
	
	Over VTM-5.0
	
	
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	
	 
	 

	Class B
	-0.01%
	0.34%
	-0.12%
	0.00%
	100%
	102%

	Class C
	-0.01%
	0.37%
	-0.25%
	0.00%
	101%
	101%

	Class E
	0.16%
	-1.00%
	0.72%
	0.12%
	95%
	100%

	Overall
	0.03%
	0.01%
	0.05%
	0.03%
	99%
	101%

	Class D
	-0.03%
	0.50%
	-1.76%
	-0.06%
	100%
	101%

	Class F
	-0.07%
	-0.34%
	-0.30%
	-0.13%
	98%
	99%

	
	
	
	
	
	
	

	
	 
	 
	Low delay P
	 
	 
	 

	
	 
	
	Over VTM-5.0
	
	
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	
	 
	 

	Class B
	-0.05%
	0.02%
	-0.31%
	-0.06%
	104%
	104%

	Class C
	-0.07%
	0.02%
	-0.15%
	-0.07%
	102%
	101%

	Class E
	-0.16%
	-0.65%
	0.35%
	-0.16%
	96%
	100%

	Overall
	-0.09%
	-0.15%
	-0.09%
	-0.09%
	101%
	102%

	Class D
	0.05%
	0.21%
	-1.66%
	0.01%
	99%
	100%

	Class F
	-0.12%
	-0.01%
	-0.11%
	-0.07%
	100%
	102%



High QP values:

	
	 
	 
	Random Access
	 
	 
	 

	
	 
	
	Over VTM-5.0
	
	
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	0.54%
	1.46%
	0.65%
	0.52%
	100%
	99%

	Class A2
	0.36%
	1.06%
	0.30%
	0.39%
	98%
	99%

	Class B
	0.13%
	0.65%
	0.37%
	0.16%
	95%
	100%

	Class C
	-0.02%
	0.54%
	0.56%
	0.02%
	97%
	99%

	Class E
	 
	
	 
	 
	 
	 

	Overall
	0.22%
	0.87%
	0.46%
	0.24%
	97%
	100%

	Class D
	0.32%
	0.78%
	1.80%
	0.33%
	93%
	100%

	Class F
	-0.04%
	0.26%
	0.45%
	-0.02%
	98%
	100%



Low QP values:

	
	 
	 
	Random Access
	 
	 
	 

	
	 
	
	Over VTM-5.0
	
	
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	0.01%
	0.08%
	0.07%
	0.02%
	100%
	102%

	Class A2
	-0.01%
	0.02%
	0.02%
	0.00%
	100%
	101%

	Class B
	-0.01%
	0.05%
	0.04%
	0.01%
	100%
	100%

	Class C
	-0.03%
	0.06%
	0.01%
	-0.01%
	101%
	100%

	Class E
	 
	
	 
	 
	 
	 

	Overall
	-0.01%
	0.05%
	0.04%
	0.00%
	100%
	101%

	Class D
	-0.03%
	0.13%
	-0.11%
	-0.02%
	99%
	101%

	Class F
	0.15%
	0.04%
	-0.02%
	-0.32%
	99%
	100%




Experiment 2.1
Regular QP values:

	
	 
	 
	All Intra
	 
	 
	 

	
	 
	
	Over VTM-5.0
	
	
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	0.01%
	-0.09%
	-0.08%
	0.00%
	103%
	100%

	Class A2
	-0.01%
	-0.01%
	-0.03%
	-0.01%
	101%
	101%

	Class B
	-0.02%
	-0.07%
	-0.02%
	-0.02%
	99%
	101%

	Class C
	-0.03%
	-0.04%
	0.02%
	-0.03%
	102%
	100%

	Class E
	-0.06%
	0.01%
	0.07%
	-0.05%
	93%
	98%

	Overall
	-0.02%
	-0.04%
	-0.01%
	-0.02%
	100%
	100%

	Class D
	-0.06%
	0.12%
	-0.06%
	-0.04%
	97%
	98%

	Class F
	-0.04%
	0.04%
	-0.14%
	-0.02%
	100%
	101%

	
	
	
	
	
	
	

	
	 
	 
	Random Access
	 
	 
	 

	
	 
	
	Over VTM-5.0
	
	
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	-0.04%
	0.18%
	0.17%
	-0.02%
	100%
	102%

	Class A2
	0.01%
	0.18%
	0.05%
	0.03%
	100%
	101%

	Class B
	0.00%
	0.27%
	-0.07%
	0.00%
	99%
	100%

	Class C
	-0.06%
	0.06%
	0.01%
	-0.06%
	100%
	100%

	Class E
	 
	
	 
	 
	 
	 

	Overall
	-0.02%
	0.18%
	0.02%
	-0.01%
	100%
	101%

	Class D
	-0.05%
	0.31%
	-0.08%
	-0.03%
	102%
	101%

	Class F
	-0.02%
	0.13%
	0.05%
	0.00%
	100%
	101%

	
	
	
	
	
	
	

	
	 
	 
	Low delay B
	 
	 
	 

	
	 
	
	Over VTM-5.0
	
	
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	
	 
	 

	Class B
	-0.01%
	0.52%
	-0.10%
	0.02%
	100%
	101%

	Class C
	-0.10%
	0.13%
	-0.09%
	-0.09%
	100%
	101%

	Class E
	0.12%
	0.16%
	0.29%
	0.12%
	99%
	101%

	Overall
	-0.01%
	0.30%
	0.00%
	0.01%
	100%
	101%

	Class D
	-0.09%
	-0.60%
	-0.29%
	-0.12%
	100%
	100%

	Class F
	-0.15%
	-0.19%
	-0.41%
	-0.24%
	98%
	100%

	
	
	
	
	
	
	

	
	 
	 
	Low delay P
	 
	 
	 

	
	 
	
	Over VTM-5.0
	
	
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	
	 
	 

	Class B
	-0.04%
	0.26%
	-0.19%
	-0.04%
	104%
	102%

	Class C
	-0.10%
	-0.16%
	0.19%
	-0.10%
	98%
	99%

	Class E
	-0.09%
	0.44%
	0.20%
	-0.05%
	99%
	100%

	Overall
	-0.07%
	0.16%
	0.03%
	-0.06%
	100%
	100%

	Class D
	-0.04%
	-0.83%
	-0.53%
	-0.09%
	99%
	100%

	Class F
	-0.12%
	0.47%
	-0.25%
	-0.04%
	99%
	102%



High QP values:

	
	 
	 
	Random Access
	 
	 
	 

	
	 
	
	Over VTM-5.0
	
	
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	1.26%
	2.71%
	1.37%
	1.28%
	99%
	98%

	Class A2
	1.00%
	1.91%
	0.94%
	1.04%
	97%
	98%

	Class B
	0.80%
	1.34%
	1.17%
	0.82%
	94%
	99%

	Class C
	0.07%
	0.45%
	0.13%
	0.08%
	95%
	99%

	Class E
	 
	
	 
	 
	 
	 

	Overall
	0.74%
	1.49%
	0.89%
	0.76%
	96%
	99%

	Class D
	0.35%
	0.93%
	0.45%
	0.37%
	93%
	99%

	Class F
	0.10%
	0.40%
	0.30%
	0.13%
	97%
	100%



Low QP values:

	
	 
	 
	Random Access
	 
	 
	 

	
	 
	
	Over VTM-5.0
	
	
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	0.01%
	0.05%
	0.03%
	0.01%
	101%
	102%

	Class A2
	-0.02%
	0.01%
	0.01%
	-0.01%
	101%
	101%

	Class B
	-0.01%
	0.03%
	0.02%
	0.00%
	102%
	103%

	Class C
	-0.04%
	0.01%
	0.00%
	-0.03%
	100%
	99%

	Class E
	 
	
	 
	 
	 
	 

	Overall
	-0.02%
	0.02%
	0.02%
	-0.01%
	101%
	101%

	Class D
	-0.08%
	-0.10%
	-0.13%
	-0.09%
	100%
	100%

	Class F
	0.23%
	0.00%
	0.01%
	-0.32%
	99%
	100%




Experiment 3.1.a: 8-bit init value, log space
Regular QP values:

	
	 
	 
	All Intra
	 
	 
	 

	
	 
	
	Over VTM-5.0
	
	
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	0.02%
	0.02%
	-0.07%
	0.01%
	99%
	101%

	Class A2
	0.00%
	-0.03%
	-0.06%
	-0.01%
	101%
	101%

	Class B
	-0.01%
	-0.03%
	-0.01%
	-0.01%
	98%
	101%

	Class C
	-0.02%
	0.05%
	0.05%
	-0.02%
	104%
	101%

	Class E
	-0.03%
	-0.05%
	-0.11%
	-0.04%
	102%
	100%

	Overall
	-0.01%
	-0.01%
	-0.03%
	-0.01%
	101%
	101%

	Class D
	-0.05%
	0.24%
	-0.08%
	-0.03%
	100%
	100%

	Class F
	-0.02%
	-0.04%
	0.02%
	-0.01%
	99%
	101%

	
	
	
	
	
	
	

	
	 
	 
	Random Access
	 
	 
	 

	
	 
	
	Over VTM-5.0
	
	
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	-0.01%
	-0.07%
	0.17%
	-0.01%
	101%
	102%

	Class A2
	-0.02%
	0.26%
	-0.08%
	0.00%
	101%
	102%

	Class B
	0.00%
	0.12%
	-0.11%
	0.00%
	100%
	101%

	Class C
	-0.06%
	0.01%
	0.00%
	-0.06%
	100%
	100%

	Class E
	 
	
	 
	 
	 
	 

	Overall
	-0.02%
	0.08%
	-0.02%
	-0.02%
	100%
	101%

	Class D
	-0.02%
	0.30%
	0.21%
	0.00%
	101%
	100%

	Class F
	0.00%
	0.17%
	0.24%
	0.01%
	99%
	101%

	
	
	
	
	
	
	

	
	 
	 
	Low delay B
	 
	 
	 

	
	 
	
	Over VTM-5.0
	
	
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	
	 
	 

	Class B
	-0.01%
	0.68%
	0.12%
	0.02%
	101%
	102%

	Class C
	-0.08%
	0.46%
	-0.19%
	-0.06%
	100%
	101%

	Class E
	0.08%
	0.01%
	0.02%
	0.08%
	98%
	102%

	Overall
	-0.01%
	0.44%
	-0.01%
	0.01%
	100%
	102%

	Class D
	-0.11%
	-0.44%
	-0.05%
	-0.12%
	102%
	101%

	Class F
	-0.11%
	-0.07%
	-0.45%
	-0.15%
	99%
	101%

	
	
	
	
	
	
	

	
	 
	 
	Low delay P
	 
	 
	 

	
	 
	
	Over VTM-5.0
	
	
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	
	 
	 

	Class B
	-0.05%
	0.32%
	-0.13%
	-0.04%
	105%
	103%

	Class C
	-0.07%
	0.06%
	0.25%
	-0.05%
	102%
	103%

	Class E
	0.08%
	-0.69%
	0.42%
	0.06%
	97%
	101%

	Overall
	-0.02%
	-0.02%
	0.14%
	-0.02%
	102%
	102%

	Class D
	-0.07%
	-0.01%
	0.04%
	-0.06%
	100%
	101%

	Class F
	-0.09%
	0.16%
	0.05%
	0.03%
	100%
	103%



High QP values:

	
	 
	 
	Random Access
	 
	 
	 

	
	 
	
	Over VTM-5.0
	
	
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	0.44%
	1.60%
	0.82%
	0.52%
	101%
	100%

	Class A2
	0.41%
	0.87%
	0.43%
	0.42%
	99%
	101%

	Class B
	0.50%
	1.11%
	0.67%
	0.53%
	99%
	100%

	Class C
	-0.05%
	0.30%
	0.28%
	-0.03%
	100%
	101%

	Class E
	 
	
	 
	 
	 
	 

	Overall
	0.33%
	0.94%
	0.55%
	0.36%
	100%
	100%

	Class D
	0.29%
	0.89%
	0.78%
	0.28%
	97%
	99%

	Class F
	0.15%
	0.17%
	0.39%
	0.17%
	100%
	100%




Low QP values:

	
	 
	 
	Random Access
	 
	 
	 

	
	 
	
	Over VTM-5.0
	
	
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	0.01%
	0.06%
	0.04%
	0.02%
	101%
	101%

	Class A2
	-0.02%
	0.01%
	0.01%
	0.00%
	100%
	101%

	Class B
	0.00%
	0.01%
	0.02%
	0.00%
	102%
	103%

	Class C
	-0.01%
	-0.01%
	0.03%
	-0.01%
	101%
	102%

	Class E
	 
	
	 
	 
	 
	 

	Overall
	0.00%
	0.02%
	0.03%
	0.00%
	101%
	102%

	Class D
	-0.02%
	-0.07%
	0.00%
	-0.03%
	101%
	101%

	Class F
	0.22%
	0.01%
	0.00%
	-0.30%
	101%
	102%



Experiment 3.1.b: 8-bit init value, log space
Regular QP values:

	
	 
	 
	All Intra
	 
	 
	 

	
	 
	
	Over VTM-5.0
	
	
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	0.02%
	0.06%
	-0.02%
	0.02%
	101%
	100%

	Class A2
	0.00%
	0.06%
	0.03%
	0.01%
	100%
	101%

	Class B
	0.00%
	0.08%
	0.10%
	0.01%
	98%
	100%

	Class C
	-0.01%
	0.00%
	0.21%
	0.01%
	101%
	97%

	Class E
	-0.02%
	-0.05%
	0.06%
	-0.02%
	98%
	95%

	Overall
	0.00%
	0.03%
	0.09%
	0.01%
	99%
	99%

	Class D
	-0.01%
	0.23%
	0.14%
	0.03%
	93%
	96%

	Class F
	0.01%
	0.13%
	0.00%
	0.02%
	99%
	99%

	
	
	
	
	
	
	

	
	 
	 
	Random Access
	 
	 
	 

	
	 
	
	Over VTM-5.0
	
	
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	-0.03%
	0.08%
	0.27%
	-0.01%
	100%
	102%

	Class A2
	-0.02%
	0.42%
	0.13%
	0.02%
	100%
	102%

	Class B
	0.03%
	0.36%
	0.02%
	0.05%
	97%
	98%

	Class C
	-0.01%
	0.23%
	0.00%
	0.00%
	99%
	98%

	Class E
	 
	
	 
	 
	 
	 

	Overall
	0.00%
	0.28%
	0.09%
	0.02%
	99%
	100%

	Class D
	0.04%
	0.72%
	0.49%
	0.09%
	101%
	100%

	Class F
	0.07%
	0.35%
	0.29%
	0.09%
	98%
	98%

	
	
	
	
	
	
	

	
	 
	 
	Low delay B
	 
	 
	 

	
	 
	
	Over VTM-5.0
	
	
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	
	 
	 

	Class B
	0.01%
	0.80%
	0.31%
	0.05%
	99%
	102%

	Class C
	-0.01%
	0.67%
	-0.06%
	0.03%
	98%
	102%

	Class E
	0.02%
	1.37%
	1.50%
	0.15%
	96%
	101%

	Overall
	0.00%
	0.90%
	0.48%
	0.07%
	98%
	102%

	Class D
	0.06%
	0.27%
	0.14%
	0.06%
	99%
	96%

	Class F
	0.00%
	0.27%
	-0.31%
	-0.02%
	98%
	99%

	
	
	
	
	
	
	

	
	 
	 
	Low delay P
	 
	 
	 

	
	 
	
	Over VTM-5.0
	
	
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	
	 
	 

	Class B
	-0.03%
	0.67%
	-0.31%
	-0.01%
	103%
	102%

	Class C
	-0.02%
	0.39%
	0.21%
	0.01%
	99%
	100%

	Class E
	-0.10%
	1.56%
	1.27%
	0.05%
	97%
	100%

	Overall
	-0.04%
	0.80%
	0.26%
	0.01%
	100%
	101%

	Class D
	0.08%
	0.41%
	-0.38%
	0.07%
	99%
	97%

	Class F
	0.01%
	0.56%
	-0.04%
	0.10%
	99%
	101%




High QP values:

	
	 
	 
	Random Access
	 
	 
	 

	
	 
	
	Over VTM-5.0
	
	
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	0.58%
	1.70%
	0.93%
	0.60%
	101%
	99%

	Class A2
	0.47%
	1.08%
	0.28%
	0.48%
	100%
	99%

	Class B
	0.88%
	1.61%
	1.38%
	0.91%
	101%
	100%

	Class C
	0.55%
	1.13%
	0.59%
	0.55%
	103%
	100%

	Class E
	 
	
	 
	 
	 
	 

	Overall
	0.65%
	1.39%
	0.86%
	0.67%
	101%
	99%

	Class D
	1.06%
	2.04%
	1.40%
	1.06%
	99%
	100%

	Class F
	0.50%
	0.93%
	0.30%
	0.52%
	102%
	100%



Low QP values:

	
	 
	 
	Random Access
	 
	 
	 

	
	 
	
	Over VTM-5.0
	
	
	 

	
	Y
	U
	V
	YUV
	EncT
	DecT

	Class A1
	0.01%
	0.05%
	0.06%
	0.02%
	102%
	101%

	Class A2
	0.00%
	0.03%
	0.02%
	0.01%
	100%
	102%

	Class B
	0.01%
	0.04%
	0.04%
	0.01%
	104%
	103%

	Class C
	0.02%
	0.06%
	0.04%
	0.02%
	100%
	101%

	Class E
	 
	
	 
	 
	 
	 

	Overall
	0.01%
	0.05%
	0.04%
	0.02%
	102%
	102%

	Class D
	0.10%
	0.14%
	0.09%
	0.09%
	100%
	100%

	Class F
	0.12%
	0.07%
	0.10%
	-0.24%
	100%
	102%
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