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Abstract
This contribution reports the simulation results for Test CE5.1.4 [1]. In this test, the CABAC engine uses a single window to estimate the binary symbol probabilities, where the window parameters are different for different contexts and are stored in a pre-defined look-up table (LUT). The range update method used for the CABAC engine is either the one proposed in JVET-L0117 [2] or the one proposed in JVET-L0335 [3]. Compared with VTM3.0, the average coding gains of the proposed CABAC engine are -0.89% AI, -0.71% RA, and -0.61% LDB, when JVET-L0117 is used for range update; and are -0.80% AI, -0.64% RA, and -0.56% LDB, when JVET-L0335 is used for range update.

Introduction 
Probability Estimation
The CABAC probability estimation method of this test was proposed in JVET-L0116 [4]. Denote P[k] as the probability for binary arithmetic coding and P[k] has 14-bit precision. The single-window probability estimation is implemented using the following recursive equations.
If the current bin is 1, P[k] is updated to P[k+1] by (1),
P[k+1] = P[k] + ((214 – P[k]) >> a)                                                    (1)
otherwise, if the current bin is 0, P[k] is updated to P[k+1] by (2),
P[k+1] = P[k] – (P[k] >> a)                                                           (2)
where a denotes window shift parameter which can be different for each context. Since the range of parameters are restricted to 2 ≤ a ≤ 9, the proposed method requires 3 bits of ROM per-context. 
Range Update
The two CABAC range update methods of this test were proposed in JVET-L0117 [2] and JVET-L0335 [3], respectively. 
In JVET-L0117, before the computation of the interval sub-division, the probabilities are scaled using the integer function, as shown in (3),
z(P) = floor(log2(P))                                                                (3)
which can be computed efficiently with “bit-scan-reverse” instructions, simple hardware, or table look-up, using the same table employed for renormalization of the arithmetic coding interval.
When the probability estimate is scaled by 2R, and 3 bits are used for representing probability (after the most-significant 1), and 3 bits for the range (in the same manner), the operands (or indices for a look-up table) can be obtained as in (4) and (5), respectively. 
m(P) = (P >> (z(P) – 3)) & 7                                                          (4)
n(R) = (R >> 5) & 7                                                               (5)
The range is updated using (6),
RL = ( TN [m(P), n(R)] >> (R – 2 – z(P)) ) | 2                                          (6)
where TN [m(P), n(R)] is obtained by using (7) as below.
TN [m(P), n(R)] = ( (17 + 2×m(P)) × (17+2× n(R)) ) >> 2                                (7)
In practice, TN[m, n] can be generated on-the-fly by substituting m(P) and n(R) into (6) or by looking up a pre-defined 2-D table with m(P) and n(R) as the searching indices. 
In JVET-L0335, the modifications were summarized as:
· Modify the constant 214 to 214−1 (e.g., 16384 to 16383) in the probability estimate update equation (1)
· [bookmark: _GoBack]Modify the subinterval range computation for the LPS symbol to ((r >> 5) * (qLPS >> (b − 5)) >> 1) + 4. Note that, alternatively, this equation can be implemented using a 32×8×8 = 2048 bits LUT.
Results
The proposed CABAC engines are integrated into VTM3.0, and the coding gains are summarized as below. More details can be found in the enclosed spreadsheets. 
Table 1 Proposed probability estimation with JVET-L0117 for range update
	
	All Intra

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.97%
	-1.21%
	-0.98%
	114%
	108%

	Class A2
	-1.01%
	-1.26%
	-1.11%
	106%
	101%

	Class B
	-0.88%
	-1.18%
	-1.23%
	106%
	102%

	Class C
	-0.81%
	-1.17%
	-1.24%
	107%
	112%

	Class E
	-0.80%
	-1.26%
	-1.29%
	111%
	115%

	Overall 
	-0.89%
	-1.21%
	-1.18%
	108%
	107%

	Class D
	-0.76%
	-0.87%
	-1.08%
	106%
	112%

	Class F (optional)
	-0.51%
	-0.75%
	-0.69%
	109%
	117%

	
	
	
	
	
	

	
	Random Access

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.74%
	-0.34%
	-0.34%
	106%
	103%

	Class A2
	-0.64%
	0.21%
	0.09%
	106%
	105%

	Class B
	-0.73%
	0.01%
	0.16%
	109%
	108%

	Class C
	-0.70%
	-0.88%
	-0.22%
	110%
	119%

	Overall
	-0.71%
	-0.26%
	-0.05%
	108%
	109%

	Class D
	-0.60%
	-0.63%
	-0.60%
	108%
	112%

	Class F (optional)
	-0.24%
	-0.27%
	0.03%
	120%
	112%

	
	
	
	
	
	

	
	Low delay B 

	
	Y
	U
	V
	EncT
	DecT

	Class B
	-0.61%
	1.52%
	2.70%
	109%
	114%

	Class C
	-0.66%
	0.36%
	0.92%
	106%
	97%

	Class E
	-0.53%
	1.07%
	1.34%
	105%
	111%

	Overall
	-0.61%
	1.02%
	1.76%
	107%
	107%

	Class D
	-0.45%
	1.16%
	0.89%
	110%
	115%

	Class F (optional)
	0.02%
	0.32%
	0.69%
	106%
	102%


Table 2 Proposed probability estimation with JVET-L0335 for range update
	
	All Intra

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.86%
	-1.15%
	-0.88%
	112%
	108%

	Class A2
	-0.91%
	-1.16%
	-1.04%
	105%
	102%

	Class B
	-0.80%
	-1.06%
	-1.15%
	106%
	103%

	Class C
	-0.73%
	-1.06%
	-1.21%
	107%
	112%

	Class E
	-0.73%
	-1.21%
	-1.22%
	111%
	111%

	Overall 
	-0.80%
	-1.12%
	-1.11%
	108%
	107%

	Class D
	-0.70%
	-0.90%
	-1.09%
	106%
	111%

	Class F (optional)
	-0.45%
	-0.70%
	-0.63%
	109%
	109%

	
	
	
	
	
	

	
	Random Access

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.65%
	-0.21%
	-0.24%
	105%
	103%

	Class A2
	-0.57%
	0.31%
	0.12%
	106%
	109%

	Class B
	-0.67%
	0.02%
	0.06%
	108%
	108%

	Class C
	-0.64%
	-0.53%
	-0.01%
	109%
	120%

	Overall
	-0.64%
	-0.11%
	-0.01%
	107%
	110%

	Class D
	-0.52%
	-0.67%
	-0.46%
	107%
	111%

	Class F (optional)
	-0.25%
	-0.32%
	0.06%
	119%
	115%

	
	
	
	
	
	

	
	Low delay B

	
	Y
	U
	V
	EncT
	DecT

	Class B
	-0.55%
	1.31%
	2.47%
	108%
	113%

	Class C
	-0.60%
	0.52%
	0.98%
	107%
	97%

	Class E
	-0.52%
	1.16%
	0.64%
	105%
	98%

	Overall
	-0.56%
	1.01%
	1.51%
	107%
	104%

	Class D
	-0.34%
	1.09%
	1.17%
	109%
	113%

	Class F (optional)
	0.00%
	1.40%
	0.84%
	106%
	103%
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