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Abstract
This contribution reports the results of the cross-check of JVET-AP0234. In NNVC-16.1 and ECM-19.1, in the Neural Network-based Intra Prediction (NNIP) implementation, layer activations use 16-bit signed integer, matrices of weights use 16-bit signed integer, and accumulators inside vector-matrix multiplications use 32-bit signed integer. JVET-AP0234 suggests to reduce the activation bit-width to 10-bits and the weight bit-width to 8 bits in order to avoid implementation-dependent behavior due to overflow and reduce hardware area in NNIP implementation.
The following mean BD-rate (Y/Cb/Cr) are reported.
· JVET-AP0234 on top of NNVC-16.1
· ANCHOR = NNVC-16.1 (Commit 78ec06f1) with “--NnlfOption=0” and “--NnIntraPred=1”, i.e. without LOP7 an with the NN-based intra prediction mode in 16-bit signed integer.
· TEST = JVET-AP0234 on top of NNVC-16.1 with “--NnlfOption=0” and “--NnIntraPred=1”, i.e. without LOP7 an with the NN-based intra prediction mode in 16-bit signed integer.
· RA: 0.01%   -0.12%   -0.10%   |   EncT 100% and DecT 96%
· AI: 0.02%   0.04%   0.01%   |   EncT 100% and DecT 90%.
· JVET-AP0234 on top of ECM-19.1
· ANCHOR = ECM-19.1 (Commit 20811dbb).
· TEST = JVET-AP0234 on top of ECM-19.1 with “HARDMWARE_IMP_DEMO” at 0, i.e. not using the hardware implementation showcase.
· RA: …%   …%   …%   |   EncT …% and DecT …%
· AI: …%   …%   …%   |   EncT …% and DecT …%
For both JVET-AP0234 on top of NNVC-16.1 and JVET-AP0234 on top of ECM-19.1, the cross-checked BD-rates match those reported by the proponents of JVET-AP0234.
Introduction
In NNVC-16.1 and ECM-19.1, in the Neural Network-based Intra Prediction (NNIP) implementation, layer activations use 16-bit signed integer, matrices of weights use 16-bit signed integer, and accumulators inside vector-matrix multiplications use 32-bit signed integer. In this design, JVET-AP0234 [1] identifies two major issues. Firstly, the accumulators inside vector-matrix multiplications can overflow, potentially causing indeterministic behavior across different processing units. Secondly, due to the large bit-depth involved in the multiplications, hardware area required to implement NNIP is estimated to be very large.
To address these two issues, JVET-AP0234 proposes
1. Dynamically reducing activation precision
A set of activations, corresponding to an input to a neural network layer, is processed in fixed‑size chunks of 8 coefficients. For each chunk, the maximum absolute value is detected using a bit-scan operation. Then, a chunk‑specific right shift is determined from this maximum absolute value and applied this chunk so that all the coefficients within this chunk fit within 10-bit range.
2. Dynamically reducing weight precision
For a given matrix of weights inside a neural network in NNIP, weights are grouped into fixed‑size chunks of 8 coefficients, matching SIMD widths and hardware execution units. For each chunk, weights are quantized to 8‑bit signed integer using adaptive scaling. Thanks to this, all multiplications within a vector-matrix multiplication can be performed using 8-bit weights. In a vector-matrix multiplication, during the accumulation, the shifts applied to activation groups of 8 coefficients are reverted to preserve the relative scaling between the activation samples.
Moreover, inside a neural network in NNIP, for a given series of a vector-matrix multiplication and LeakyReLU, to ease the quantization of the ouput to 10-bit, JVET-AP0234 proposes to fuse the vector-matrix multiplication and LeakyReLU.
Results
The source code of JVET-AP0234 sent by the proponents of JVET-AP0234 is used to carry out the cross-check of JVET-AP0234. For JVET-AP0234 on top of NNVC-16.1, the cross-check follows the AHG11 CTC [2]. For JVET-AP0234 on top of ECM-19.1, the cross-check follows the AHG12 CTC [3].

	
	All Intra Main10 
	

	
	BD-rate Over NNVC 16.1 with "--NnlfOption=0" and "--NnIntraPred=1"
	 

	
	Y-PSNR
	U-PSNR
	V-PSNR
	Y-MSIM
	U-MSIM
	V-MSIM
	EncT
	DecT CPU
	PSNR Overlap

	Class A1
	0.02%
	0.02%
	-0.05%
	0.01%
	0.00%
	-0.08%
	99%
	88%
	100%

	Class A2
	0.03%
	0.08%
	0.04%
	0.03%
	0.14%
	0.04%
	99%
	89%
	100%

	Class B
	0.02%
	0.06%
	0.14%
	0.04%
	0.07%
	0.21%
	100%
	91%
	100%

	Class C
	0.02%
	0.10%
	-0.09%
	-0.02%
	0.21%
	-0.19%
	100%
	92%
	100%

	Class E
	-0.02%
	-0.08%
	-0.04%
	-0.06%
	-0.13%
	-0.04%
	101%
	91%
	100%

	Overall 
	0.02%
	0.04%
	0.01%
	0.00%
	0.07%
	0.00%
	100%
	90%
	100%

	Class D
	0.00%
	-0.13%
	0.07%
	-0.02%
	-0.27%
	-0.14%
	100%
	94%
	100%

	Class F
	-0.01%
	0.09%
	0.02%
	0.03%
	0.01%
	0.25%
	101%
	95%
	100%


Figure 1: JVET-AP0234 on top of NNVC-16.1 versus NNVC-16.1 in AI. Both ANCHOR and TEST use “--NnlfOption=0” and “--NnIntraPred=1”.

	
	Random access Main10 
	 

	
	BD-rate Over NNVC 16.1 with "--NnlfOption=0" and "--NnIntraPred=1"
	 

	
	Y-PSNR
	U-PSNR
	V-PSNR
	Y-MSIM
	U-MSIM
	V-MSIM
	EncT
	DecT CPU
	PSNR Overlap

	Class A1
	0.02%
	0.00%
	0.07%
	0.03%
	-0.09%
	0.07%
	100%
	95%
	100%

	Class A2
	0.02%
	0.01%
	-0.13%
	0.04%
	-0.02%
	-0.09%
	100%
	97%
	100%

	Class B
	0.00%
	-0.17%
	-0.22%
	-0.03%
	-0.30%
	-0.20%
	100%
	96%
	100%

	Class C
	0.01%
	-0.24%
	-0.04%
	0.07%
	-0.64%
	0.06%
	100%
	96%
	100%

	Class E
	 
	
	 
	 
	
	 
	 
	
	 

	Overall
	0.01%
	-0.12%
	-0.10%
	0.02%
	-0.30%
	-0.06%
	100%
	96%
	100%

	Class D
	-0.03%
	0.26%
	0.33%
	-0.07%
	0.09%
	0.40%
	100%
	95%
	100%

	Class F
	0.01%
	0.03%
	0.16%
	0.02%
	-0.03%
	0.04%
	100%
	101%
	100%


Figure 2: JVET-AP0234 on top of NNVC-16.1 versus NNVC-16.1 in RA. Both ANCHOR and TEST use “--NnlfOption=0” and “--NnIntraPred=1”.

	
	All Intra Main 10 

	
	Over ECM-19.1

	
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	
	
	
	
	
	
	

	Class A2
	
	
	
	
	
	
	

	Class B
	
	
	
	
	
	
	

	Class C
	0.00%
	0.02%
	-0.01%
	100.9%
	101.8%
	100.8%
	102.0%

	Class E
	0.02%
	0.15%
	0.04%
	101.1%
	101.3%
	100.7%
	101.9%

	Overall 
	
	
	
	
	
	
	

	Class D
	0.01%
	-0.11%
	-0.05%
	100.2%
	101.7%
	101.2%
	102.2%

	Class F
	
	
	
	
	
	
	


Figure 3: JVET-AP0234 on top of ECM-19.1 with “HARDWARE_IMP_DEMO” at 0, c.f. [1], versus ECM-19.1 in AI.

	
	Random Access Main 10

	
	Over ECM-19.1

	
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	
	
	
	
	
	
	

	Class A2
	
	
	
	
	
	
	

	Class B
	
	
	
	
	
	
	

	Class C
	0.02%
	0.40%
	0.10%
	99.7%
	100.5%
	100.7%
	101.7%

	Class E
	 
	
	 
	 
	
	 
	 

	Overall
	
	
	
	
	
	
	

	Class D
	0.01%
	-0.07%
	0.03%
	99.7%
	100.2%
	100.9%
	102.0%

	Class F
	0.00%
	-0.05%
	0.22%
	100.1%
	98.0%
	100.5%
	101.0%


Figure 4: JVET-AP0234 on top of ECM-19.1 with “HARDWARE_IMP_DEMO” at 0 versus ECM-19.1 in RA.

Conclusion
For both JVET-AP0234 on top of NNVC-16.1 and JVET-AP0234 on top of ECM-19.1, the cross-checked BD-rates match those reported in [1]. Therefore, the cross-check is viewed as successful.
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