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Abstract
This contribution reports the simulation results in CE1-1.2 and CE1-2.1 [1]. In both tests, the initial probability states represent the probability in the linear domain and can be used for the arithmetic coding engine directly. CE1-1.2 uses 6-bit initialization values, achieving BD-rate reduction -0.02% AI, -0.01% RA, 0.03% LDB, and -0.09% LDP; CE1-2.1 uses 8-bit initialization values, achieving BD-rate reduction -0.02% AI, -0.02% RA, -0.01% LDB, and -0.07% LDP. 
Introduction 
The simplification of CABAC initialization process was originally proposed in JVET-N0425, in order to address the inconsistency between the legacy logarithmic domain initialization used in HEVC and the linear domain arithmetic coding engine in the current VVC. JVET-N0425 proposed to perform the initialization process in the linear domain, so that the logarithmic to linear domain mapping as well as the 256-byte table is saved. The detailed operations are showed as below, where slopeIdx and OffsetIdx are both 4-bit integers from 0 to 15 inclusive.    
m = slopeIdx × 5 – 45
n = (offsetIdx << 3) + 7
preCtxState = Clip3(1, 127, ((m × (QP – 32)) >> 4) + n)
pStateIdx0 = preCtxState << 3
pStateIdx1 = preCtxState << 7
Proposed Methods
CE1-1.2
In CE1-1.2, JVET-N0425 was tested in 6-bit precision. In addition to restricting slopeIdx and offsetIdx to 3 bits, some constants are changed to adjust the values of m and n into the reasonable range as well as for performance and complexity considerations. The detailed operations are showed as below.
m = slopeIdx × 8 – 32
n = (offsetIdx × 18) + 1
preCtxState = Clip3(1, 127, ((m × (QP – 16)) >> 4) + n)
pStateIdx0 = preCtxState << 3
pStateIdx1 = preCtxState << 7

CE1-2.1
This test is basically JVET-N0425 with a couple of constants refined for complexity reduction. The detailed operations are showed as below.
m = slopeIdx × 4 – 36
n = (offsetIdx << 3) + 7
preCtxState = Clip3(1, 127, ((m × (QP – 24)) >> 4) + n)
pStateIdx0 = preCtxState << 3
pStateIdx1 = preCtxState << 7
Experimental Results
The proposed CE tests were integrated into VTM5.0 and tested under the conditions specified in CE1 description [1], including CTC and two sets of QPs at high and low QP ranges. The initialization values and window parameters were trained using the tool agreed in CE1.
Performance under CTC 
The average BD-rate reductions under CTC are shown in Table 1 for CE1-1.2 and Table 2 for CE1-2.1. 
Table 1 Performance of CE1-1.2 under CTC
	
	All Intra Main10 


	
	Over VTM-5.0 - Regular QP


	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.01%
	-0.04%
	89%
	109%

	Class A2
	0.00%
	0.01%
	-0.04%
	92%
	108%

	Class B
	-0.01%
	0.02%
	0.02%
	89%
	109%

	Class C
	-0.02%
	-0.02%
	0.03%
	89%
	108%

	Class E
	-0.05%
	-0.06%
	-0.04%
	89%
	109%

	Overall 
	-0.02%
	-0.01%
	-0.01%
	90%
	108%

	Class D
	-0.02%
	0.32%
	-0.15%
	88%
	105%

	Class F
	-0.01%
	0.12%
	-0.08%
	93%
	109%

	
	
	
	
	
	

	
	Random access Main10 


	
	 Over VTM-5.0 - Regular QP

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.00%
	0.02%
	0.11%
	101%
	110%

	Class A2
	-0.01%
	0.34%
	0.06%
	99%
	106%

	Class B
	0.00%
	0.20%
	-0.13%
	99%
	106%

	Class C
	-0.04%
	0.16%
	-0.05%
	102%
	110%

	Overall
	-0.01%
	0.18%
	-0.02%
	100%
	108%

	Class D
	0.02%
	0.29%
	-0.01%
	99%
	114%

	Class F
	0.01%
	0.05%
	0.08%
	101%
	112%

	
	
	
	
	
	

	
	Low delay B Main10 


	
	Over VTM-5.0 - Regular QP


	
	Y
	U
	V
	EncT
	DecT

	Class B
	-0.01%
	0.34%
	-0.12%
	100%
	107%

	Class C
	-0.01%
	0.37%
	-0.25%
	100%
	103%

	Class E
	0.16%
	-1.00%
	0.72%
	100%
	109%

	Overall
	0.03%
	0.01%
	0.05%
	100%
	106%

	Class D
	-0.03%
	0.50%
	-1.76%
	100%
	111%

	Class F
	-0.07%
	-0.34%
	-0.30%
	104%
	112%

	
	
	
	
	
	

	
	 Low delay P Main10 


	
	 Over VTM-5.0 - Regular QP


	
	Y
	U
	V
	EncT
	DecT

	Class B
	-0.05%
	0.02%
	-0.31%
	99%
	105%

	Class C
	-0.07%
	0.02%
	-0.15%
	99%
	103%

	Class E
	-0.16%
	-0.65%
	0.35%
	103%
	110%

	Overall
	-0.09%
	-0.15%
	-0.09%
	100%
	106%

	Class D
	0.05%
	0.21%
	-1.66%
	100%
	104%

	Class F
	-0.12%
	-0.01%
	-0.11%
	104%
	109%


Table 2 Performance of CE1-2.1 under CTC
	
	All Intra Main10 


	
	 Over VTM-5.0 - Regular QP


	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.01%
	-0.09%
	-0.08%
	101%
	97%

	Class A2
	-0.01%
	-0.01%
	-0.03%
	100%
	95%

	Class B
	-0.02%
	-0.07%
	-0.02%
	94%
	103%

	Class C
	-0.03%
	-0.04%
	0.02%
	101%
	92%

	Class E
	-0.06%
	0.01%
	0.07%
	90%
	103%

	Overall 
	-0.02%
	-0.04%
	-0.01%
	97%
	98%

	Class D
	-0.06%
	0.12%
	-0.06%
	100%
	91%

	Class F
	-0.04%
	0.04%
	-0.14%
	93%
	95%

	
	
	
	
	
	

	
	 Random access Main10 


	
	 Over VTM-5.0 - Regular QP


	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.04%
	0.18%
	0.17%
	99%
	98%

	Class A2
	0.01%
	0.18%
	0.05%
	99%
	99%

	Class B
	0.00%
	0.27%
	-0.07%
	100%
	102%

	Class C
	-0.06%
	0.06%
	0.01%
	101%
	102%

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

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

	Class F
	-0.02%
	0.13%
	0.05%
	100%
	104%

	
	
	
	
	
	

	
	 Low delay B Main10 


	
	 Over VTM-5.0 - Regular QP


	
	Y
	U
	V
	EncT
	DecT

	Class B
	-0.01%
	0.52%
	-0.10%
	99%
	98%

	Class C
	-0.10%
	0.13%
	-0.09%
	99%
	96%

	Class E
	0.12%
	0.16%
	0.29%
	92%
	95%

	Overall
	-0.01%
	0.30%
	0.00%
	97%
	97%

	Class D
	-0.09%
	-0.60%
	-0.29%
	103%
	103%

	Class F
	-0.15%
	-0.19%
	-0.41%
	103%
	99%

	
	
	
	
	
	

	
	Low delay P Main10 


	
	 Over VTM-5.0 - Regular QP


	
	Y
	U
	V
	EncT
	DecT

	Class B
	-0.04%
	0.26%
	-0.19%
	90%
	100%

	Class C
	-0.10%
	-0.16%
	0.19%
	100%
	96%

	Class E
	-0.09%
	0.44%
	0.20%
	96%
	97%

	Overall
	-0.07%
	0.16%
	0.03%
	95%
	98%

	Class D
	-0.04%
	-0.83%
	-0.53%
	102%
	97%

	Class F
	-0.12%
	0.47%
	-0.25%
	97%
	97%


Performance at High QP Range
CE1-1.2 and CE1-2.1 were tested at high QP range (42, 47, 52, 57). Note that the results in RA are mandatory and the results in AI, LDB, and LDP are supplementary. 
Table 3 Performance of CE1-1.2 at high QP range
	
	All Intra Main10 


	
	 Over VTM-5.0 - high QP


	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.07%
	-0.16%
	-0.21%
	102%
	102%

	Class A2
	0.02%
	-0.01%
	-0.38%
	101%
	102%

	Class B
	-0.05%
	0.46%
	0.09%
	101%
	104%

	Class C
	-0.06%
	0.84%
	0.44%
	102%
	100%

	Class E
	-0.27%
	0.55%
	0.29%
	98%
	99%

	Overall 
	-0.06%
	0.38%
	0.07%
	101%
	102%

	Class D
	-0.10%
	1.33%
	0.89%
	99%
	107%

	Class F
	0.91%
	-0.41%
	-0.48%
	100%
	102%

	
	
	
	
	
	

	
	Random access Main10 


	
	 Over VTM-5.0 - high QP


	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.54%
	1.46%
	0.65%
	101%
	100%

	Class A2
	0.36%
	1.06%
	0.29%
	100%
	105%

	Class B
	0.13%
	0.65%
	0.37%
	97%
	104%

	Class C
	-0.02%
	0.54%
	0.56%
	98%
	107%

	Overall
	0.22%
	0.87%
	0.46%
	99%
	104%

	Class D
	0.32%
	0.78%
	1.80%
	94%
	110%

	Class F
	-0.04%
	0.26%
	0.45%
	98%
	102%

	
	
	
	
	
	

	
	Low delay B Main10

	
	 Over VTM-5.0 - high QP


	
	Y
	U
	V
	EncT
	DecT

	Class B
	-0.09%
	0.20%
	0.28%
	100%
	105%

	Class C
	-0.34%
	-1.04%
	1.31%
	100%
	110%

	Class E
	-1.35%
	-0.86%
	-2.16%
	95%
	103%

	Overall
	-0.49%
	-0.48%
	0.02%
	99%
	106%

	Class D
	0.46%
	-0.70%
	0.32%
	95%
	104%

	Class F
	-0.89%
	0.16%
	0.07%
	101%
	106%

	
	
	
	
	
	

	
	 Low delay P Main10 


	
	 Over VTM-5.0 - high QP


	
	Y
	U
	V
	EncT
	DecT

	Class B
	-0.23%
	0.21%
	-0.04%
	97%
	100%

	Class C
	-0.49%
	-1.67%
	1.31%
	98%
	109%

	Class E
	-0.77%
	-0.24%
	-1.19%
	98%
	104%

	Overall
	-0.45%
	-0.53%
	0.12%
	98%
	104%

	Class D
	0.12%
	0.26%
	1.18%
	94%
	109%

	Class F
	-0.69%
	-0.82%
	0.27%
	100%
	105%


Table 4 Performance of CE1-2.1 at high QP range
	
	 All Intra Main10 


	
	 Over VTM-5.0 - high QP


	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.03%
	-0.13%
	-0.34%
	99%
	100%

	Class A2
	-0.04%
	-0.05%
	-0.24%
	99%
	100%

	Class B
	-0.16%
	0.09%
	-0.09%
	99%
	104%

	Class C
	-0.21%
	0.54%
	0.18%
	104%
	97%

	Class E
	-0.30%
	0.41%
	-0.57%
	94%
	100%

	Overall 
	-0.15%
	0.18%
	-0.18%
	99%
	100%

	Class D
	-0.27%
	0.43%
	0.21%
	99%
	99%

	Class F
	0.94%
	-1.07%
	-1.11%
	98%
	100%

	
	
	
	
	
	

	
	Random access Main10 


	
	 Over VTM-5.0 - high QP


	
	Y
	U
	V
	EncT
	DecT

	Class A1
	1.26%
	2.71%
	1.37%
	98%
	95%

	Class A2
	1.00%
	1.91%
	0.94%
	96%
	97%

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

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

	Overall
	0.74%
	1.49%
	0.89%
	96%
	98%

	Class D
	0.35%
	0.93%
	0.45%
	94%
	101%

	Class F
	0.10%
	0.40%
	0.30%
	97%
	101%

	
	
	
	
	
	

	
	Low delay B Main10 


	
	 Over VTM-5.0 - high QP


	
	Y
	U
	V
	EncT
	DecT

	Class B
	0.48%
	0.98%
	-0.11%
	99%
	106%

	Class C
	-0.15%
	0.60%
	-0.74%
	97%
	103%

	Class E
	-0.71%
	-0.81%
	-0.50%
	94%
	100%

	Overall
	-0.03%
	0.40%
	-0.42%
	97%
	103%

	Class D
	0.52%
	-1.47%
	2.10%
	93%
	109%

	Class F
	-0.58%
	-0.52%
	1.19%
	98%
	102%

	
	
	
	
	
	

	
	 Low delay P Main10 


	
	 Over VTM-5.0 - high QP


	
	Y
	U
	V
	EncT
	DecT

	Class B
	0.83%
	1.34%
	0.34%
	96%
	99%

	Class C
	-0.06%
	-1.38%
	0.29%
	98%
	101%

	Class E
	-0.90%
	-0.58%
	0.32%
	97%
	100%

	Overall
	0.10%
	-0.05%
	0.32%
	97%
	100%

	Class D
	-0.04%
	-0.51%
	1.77%
	94%
	104%

	Class F
	-0.35%
	-0.30%
	0.71%
	96%
	99%


Performance at Low QP Range
CE1-1.2 and CE1-2.1 were tested at low QP range (2, 7, 12, 17). Only RA results are provided, which are mandatory. 
Table 5 Performance of CE1-1.2 at low QP range
	
	 Random access Main10 


	
	 Over VTM-5.0 - low QP


	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.01%
	0.08%
	0.07%
	97%
	110%

	Class A2
	-0.01%
	0.02%
	0.02%
	100%
	102%

	Class B
	-0.01%
	0.05%
	0.04%
	101%
	105%

	Class C
	-0.03%
	0.06%
	0.01%
	100%
	106%

	Overall
	-0.01%
	0.05%
	0.04%
	100%
	105%

	Class D
	-0.03%
	0.13%
	-0.11%
	102%
	114%

	Class F
	0.15%
	0.04%
	-0.02%
	100%
	111%


Table 6 Performance of CE1-2.1 at low QP range
	
	Random access Main10 


	
	 Over VTM-5.0 - low QP


	
	Y
	U
	V
	EncT
	DecT

	Class A1
	0.01%
	0.05%
	0.03%
	100%
	100%

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

	Class B
	-0.01%
	0.03%
	0.02%
	101%
	100%

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

	Overall
	-0.02%
	0.02%
	0.02%
	100%
	100%

	Class D
	-0.08%
	-0.10%
	-0.13%
	101%
	105%

	Class F
	0.23%
	0.00%
	0.01%
	99%
	104%
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Appendix
The code below shows the SIMD-coded initialization loop. A set of 400 contexts is assumed (which is close to the current number in VVC).
[bookmark: _GoBack]
void init(int qp, uint32_t *probs, uint8_t *states, uint8_t *rates)
{
	qp -= 16;

	for (int i = 0; i < 400; i += 8)
	{
		__m128i x = _mm_loadl_epi64((__m128i *)&states[i]);
		__m128i y = _mm_loadl_epi64((__m128i *)&rates[i]);

		__m128i zero = _mm_setzero_si128();
		__m128i one = _mm_set1_epi16(1);
		__m128i max_val = _mm_set1_epi16(127);

		__m128i y0 = _mm_unpacklo_epi8(y, zero);


		__m128i xl = _mm_and_si128(x, _mm_set1_epi16(0x0f0f));
		xl = _mm_unpacklo_epi8(xl, zero);
		__m128i xh = _mm_and_si128(x, _mm_set1_epi16(0xf0f0));
		xh = _mm_unpacklo_epi8(xh, zero);
		xh = _mm_srli_epi16(xh, 4);

		xh = _mm_sub_epi16(xh, _mm_set1_epi16(4));

		xh = _mm_mullo_epi16(xh, _mm_set1_epi16(qp));
		xh = _mm_srai_epi16(xh, 1);

		xl = _mm_mullo_epi16(xl, _mm_set1_epi16(18));
		x = _mm_add_epi16(xh, xl);
		x = _mm_add_epi16(x, _mm_set1_epi16(1));

		x = _mm_min_epi16(max_val, _mm_max_epi16(one, x));

		__m128i hi = _mm_add_epi16(_mm_slli_epi16(x, 9), _mm_srli_epi16(x, 6));
		__m128i lo = _mm_add_epi16(_mm_slli_epi16(x, 10), y0);

		__m128i y00 = _mm_unpacklo_epi16(lo, hi);
		__m128i y01 = _mm_unpackhi_epi16(lo, hi);

		_mm_store_si128((__m128i *)&probs[i], y00);
		_mm_store_si128((__m128i *)&probs[i + 4], y01);
	}
}
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