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Abstract
This contribution reports the results of EE2 Test 4.4, proposed in JVET-AK0214. The contribution proposes to use NSPT kernels from the second set of NSPT kernels for IntraNN-coded blocks and to increase the number of non-zero coefficients for several block shapes. The method was implemented on top of ECM-16.1 and the experimental results following CTC are reported as follows:
Test 4.4a:
AI: -0.01% (Y) 0.03% (U) 0.07% (V) xxx.x99.9% (EncT) xxx.x100.6% (DecT)
RA: -0.02% (Y) 0.06% (U) 0.03% (V) 100.4% (EncT) 100.2% (DecT)
Test 4.4b:
AI: -0.04% (Y) 0.01% (U) -0.01 (V) xxx.x99.8% (EncT) xxx.x100.2% (DecT)
RA: -0.03% (Y) -0.03% (U) 0.11% (V) 100.3% (EncT) 99.7% (DecT)
Test 4.4c:
AI: -0.09% (Y) 0.03% (U) -0.03% (V) 100.3% (EncT) 100.6% (DecT)
RA: -0.05% (Y) 0.00% (U) 0.11% (V) 100.0% (EncT) 100.1% (DecT)
Test 4.4d:
AI: -0.13% (Y) -0.01% (U) -0.03% (V) 100.9% (EncT) 100.7% (DecT)
RA: -0.07% (Y) -0.03% (U) 0.00% (V) 100.4% (EncT) 100.0% (DecT)
Introduction
In ECM-16.1, NSPT kernel set is chosen based on the transform block size, prediction mode, intra mode and MTSS [3]. 
NSPT primary kernel sets for each mode in ECM-16.1 are summarized in the next table.

	NSPT sets
	Set 1
	Set 2
	Set 3

	Prediction modes
	Regular intra, PDP, SGPM, IntraNN
	TIMD, DIMD, MIP, EIP
	IntraTMP, inter





The amounts of NSPT output coefficients in ECM-16.1 for each block size WxH are summarized below:

	H \W
	4
	8
	16
	32

	4
	16
	20
	24
	20

	8
	20
	32
	40
	24

	16
	24
	40
	-
	-

	32
	20
	24
	-
	-


The amounts of NSPT kernels in ECM-16.1 for each block size WxH are summarized below:

	H \W
	4
	8
	16
	32

	4
	245
	221
	183
	113

	8
	245
	245
	194
	127

	16
	213
	213
	-
	-

	32
	149
	149
	-
	-


The worst-case operation count per TB is for block size 8x32/32x8: 24x256 = 6144 MACs.
The worst-case operation count per sample is for block size 8x16/16x8: 40 MACs/sample. [4]
Test description
In Test 4.4a, IntraNN-coded blocks are set to reuse the second kernel set, shared with TIMD-, DIMD-, MIP-, and EIP-coded blocks. Proposed NSPT sets are summarized in the table below:
	NSPT sets
	Set 1
	Set 2
	Set 3

	Prediction modes
	Regular intra, PDP, SGPM
	TIMD, DIMD, MIP, EIP, IntraNN
	IntraTMP, inter


In Test 4.4b, all NSPT kernels are retrained.
In Test 4.4c, NSPT sets are set as in Test 4.4a and all NSPT kernels are retrained.
In Test 4.4d, NSPT sets are set as in Test 4.4a, the amount of output non-zero coefficients for NSPT is increased for block sizes 4x8, 4x16, 8x32 and corresponding transposed block shapes for several block shapes, kernel amount is reduced for several block sizes and all NSPT kernels are retrained. The proposed NSPT output coefficient amounts for each block size WxH are summarized below:

	H \W
	4
	8
	16
	32

	4
	16
	24
	32
	20

	8
	24
	32
	40
	32

	16
	32
	40
	-
	-

	32
	20
	32
	-
	-


To compensate for a memory increase arising from kernel size increase, overall kernel amount is decreased in Test 4.4d, achieved by sharing one retrained kernel between a larger number of modes. The proposed amounts of NSPT kernels in for each block size WxH are summarized below:

	H \W
	4
	8
	16
	32

	4
	243
	206
	156
	93

	8
	245
	245
	152
	110

	16
	208
	181
	-
	-

	32
	102
	146
	-
	-


The worst-case operation count per TB for Test 4.4d is for block size 8x32/32x8: 32x256 = 8192 MACs.
The worst-case operation count per sample for Test 4.4d is for block size 8x16/16x8: 40 MACs/sample, which corresponds to ECM-16.1.
In Tests 4.4b-d, the kernels are retrained specially for the configuration of each specific test, to ensure a better adaptation of the kernels.
Experimental results
Test 4.4a

	
	All Intra Main 10 

	
	Over ECM16.1

	 
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	-0.01%
	0.02%
	0.01%
	101.3%
	100.4%
	100.0%
	100.1%

	Class A2
	0.01%
	0.04%
	0.02%
	99.7%
	100.3%
	100.0%
	100.1%

	Class B
	-0.02%
	0.00%
	0.14%
	99.2%
	100.3%
	98.2%
	100.0%

	Class C
	0.01%
	0.03%
	0.06%
	100.7%
	101.5%
	99.6%
	100.0%

	Class E
	-0.05%
	0.08%
	0.11%
	98.7%
	100.6%
	98.0%
	100.1%

	Overall 
	-0.01%
	0.03%
	0.07%
	99.9%
	100.6%
	99.1%
	100.1%

	Class D
	-0.01%
	0.00%
	0.00%
	99.6%
	99.7%
	99.7%
	100.0%

	Class F
	-0.01%
	-0.15%
	-0.28%
	99.3%
	100.2%
	100.7%
	100.0%

	 
	 
	 
	 
	 
	 
	 
	 

	
	Random Access Main 10

	
	Over ECM16.1

	 
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	-0.04%
	-0.05%
	-0.04%
	100.0%
	100.2%
	99.7%
	99.4%

	Class A2
	0.01%
	0.22%
	0.08%
	99.0%
	99.9%
	101.1%
	99.8%

	Class B
	-0.01%
	0.03%
	-0.03%
	100.7%
	100.4%
	100.0%
	100.0%

	Class C
	-0.03%
	0.05%
	0.12%
	101.5%
	100.1%
	100.0%
	100.0%

	Class E
	 
	 
	 
	 
	 
	 
	 

	Overall
	-0.02%
	0.06%
	0.03%
	100.4%
	100.2%
	100.1%
	99.9%

	Class D
	0.00%
	0.13%
	0.16%
	101.0%
	100.0%
	100.0%
	100.0%

	Class F
	0.11%
	0.18%
	0.04%
	98.2%
	99.3%
	100.3%
	100.1%

	 
	 
	 
	 
	 
	 
	 
	 

	
	Low delay B Main 10 

	
	Over ECM16.1

	
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	 
	 
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	
	 
	 

	Class B
	-0.02%-
	-0.08%-
	-0.15%-
	101.0%-
	99.3%-
	100.0%-
	99.9%-

	Class C
	-0.13%
	-0.15%
	-0.45%
	101.1%
	99.8%
	100.0%
	100.1%

	Class E
	-0.02%
	-0.08%
	0.62%
	100.6%
	100.0%
	100.0%
	99.7%

	Overall
	-0.06%-
	-0.10%-
	-0.05%-
	100.9%-
	99.7%-
	100.0%-
	99.9%-

	Class D
	-0.05%
	-0.65%
	-0.56%
	102.1%
	100.3%
	100.0%
	100.0%

	Class F
	-0.18%
	-0.34%
	-1.02%
	100.2%
	100.4%
	100.5%
	100.0%


Test 4.4b

	
	All Intra Main 10 

	
	Over ECM16.1

	 
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	-0.06%
	0.01%
	-0.11%
	99.7%
	100.0%
	100.0%
	100.2%

	Class A2
	-0.04%
	-0.01%
	-0.05%
	100.9%
	99.4%
	100.0%
	100.1%

	Class B
	-0.06%
	0.04%
	0.03%
	99.5%
	99.6%
	100.0%
	100.0%

	Class C
	0.00%
	0.03%
	0.03%
	99.6%
	101.6%
	100.8%
	100.0%

	Class E
	-0.07%
	-0.05%
	0.02%
	99.8%
	100.1%
	99.0%
	100.0%

	Overall 
	-0.04%
	0.01%
	-0.01%
	99.8%
	100.2%
	100.0%
	100.0%

	Class D
	-0.03%
	-0.08%
	0.08%
	98.0%
	98.9%
	99.8%
	100.0%

	Class F
	0.01%
	-0.12%
	-0.32%
	99.4%
	99.7%
	101.7%
	100.0%

	 
	 
	 
	 
	 
	 
	 
	 

	
	Random Access Main 10

	
	Over ECM16.1

	 
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	0.00%
	0.09%
	0.08%
	99.7%
	99.6%
	99.7%
	100.1%

	Class A2
	-0.03%
	0.04%
	0.05%
	99.2%
	99.6%
	101.1%
	100.3%

	Class B
	-0.04%
	-0.08%
	0.12%
	100.6%
	99.7%
	100.1%
	99.8%

	Class C
	-0.03%
	-0.12%
	0.16%
	101.3%
	99.8%
	100.0%
	100.0%

	Class E
	 
	 
	 
	 
	 
	 
	 

	Overall
	-0.03%
	-0.03%
	0.11%
	100.3%
	99.7%
	100.2%
	100.0%

	Class D
	-0.11%
	0.11%
	-0.01%
	100.3%
	99.6%
	100.0%
	100.0%

	Class F
	-0.01%
	0.26%
	0.00%
	98.2%
	99.0%
	100.8%
	100.2%

	
	
	
	
	
	
	
	

	
	Low delay B Main 10 

	
	Over ECM16.1

	
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	 
	 
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	
	 
	 

	Class B
	-0.04%-
	0.03%-
	0.15%-
	99.8%-
	99.9%-
	100.0%-
	100.2%-

	Class C
	-0.05%
	-0.17%
	0.09%
	100.0%
	99.4%
	100.0%
	100.0%

	Class E
	0.08%
	0.44%
	1.41%
	101.5%
	100.0%
	100.0%
	100.3%

	Overall
	-0.02%-
	0.07%-
	0.44%-
	100.3%-
	99.8%-
	100.0%-
	100.2%-

	Class D
	-0.07%
	-0.28%
	-1.20%
	100.6%
	100.2%
	100.0%
	100.1%

	Class F
	0.08%
	0.25%
	-0.08%
	100.0%
	99.7%
	99.0%
	100.0%


Test 4.4c

	
	All Intra Main 10 

	
	Over ECM16.1

	 
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	-0.07%
	0.20%
	-0.01%
	100.8%
	100.3%
	100.0%
	100.2%

	Class A2
	-0.06%
	-0.07%
	0.00%
	100.1%
	101.4%
	100.0%
	100.0%

	Class B
	-0.11%
	-0.06%
	-0.01%
	100.5%
	100.5%
	100.0%
	100.1%

	Class C
	-0.08%
	0.08%
	-0.11%
	99.6%
	100.3%
	100.5%
	100.0%

	Class E
	-0.15%
	0.05%
	0.03%
	100.6%
	100.4%
	99.0%
	100.2%

	Overall 
	-0.09%
	0.03%
	-0.03%
	100.3%
	100.6%
	99.9%
	100.1%

	Class D
	-0.10%
	0.15%
	-0.01%
	100.1%
	100.6%
	100.0%
	100.0%

	Class F
	-0.04%
	-0.14%
	0.26%
	100.1%
	100.2%
	102.5%
	100.0%

	 
	 
	 
	 
	 
	 
	 
	 

	
	Random Access Main 10

	
	Over ECM16.1

	 
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	-0.03%
	-0.03%
	0.07%
	99.9%
	100.1%
	100.0%
	99.5%

	Class A2
	0.00%
	0.10%
	0.07%
	99.3%
	99.9%
	101.1%
	99.8%

	Class B
	-0.05%
	-0.01%
	0.21%
	99.9%
	100.2%
	100.1%
	100.1%

	Class C
	-0.08%
	-0.03%
	0.05%
	100.7%
	99.9%
	99.9%
	100.2%

	Class E
	 
	 
	 
	 
	 
	 
	 

	Overall
	-0.05%
	0.00%
	0.11%
	100.0%
	100.1%
	100.2%
	100.0%

	Class D
	-0.10%
	0.00%
	0.15%
	100.3%
	99.9%
	100.0%
	100.0%

	Class F
	-0.04%
	0.40%
	0.07%
	100.5%
	98.2%
	99.8%
	100.1%

	 
	 
	 
	 
	 
	 
	 
	 

	
	Low delay B Main 10 

	
	Over ECM16.1

	
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	 
	 
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	
	 
	 

	Class B
	-0.02%
	0.27%
	-0.39%
	100.5%
	100.4%
	100.0%
	100.2%

	Class C
	-0.03%
	-0.21%
	0.26%
	99.0%
	99.7%
	100.0%
	99.8%

	Class E
	-0.07%
	0.50%
	-0.41%
	99.5%
	98.7%
	100.0%
	100.1%

	Overall
	-0.03%
	0.17%
	-0.18%
	99.7%
	99.8%
	100.0%
	100.0%

	Class D
	-0.07%
	-0.87%
	-0.41%
	100.6%
	100.4%
	100.0%
	100.0%

	Class F
	-0.19%
	0.53%
	0.01%
	100.7%
	101.4%
	100.6%
	100.1%


Test 4.4d

	
	All Intra Main 10 

	
	Over ECM16.1

	 
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	-0.09%
	0.00%
	-0.03%
	100.8%
	100.2%
	100.1%
	99.9%

	Class A2
	-0.08%
	0.00%
	0.06%
	100.3%
	101.5%
	100.0%
	100.0%

	Class B
	-0.15%
	0.00%
	-0.04%
	101.0%
	100.9%
	100.1%
	100.2%

	Class C
	-0.15%
	0.03%
	0.04%
	100.8%
	100.4%
	100.0%
	100.1%

	Class E
	-0.17%
	-0.12%
	-0.19%
	101.9%
	100.3%
	97.0%
	100.2%

	Overall 
	-0.13%
	-0.01%
	-0.03%
	101.0%
	100.7%
	99.5%
	100.1%

	Class D
	-0.17%
	-0.06%
	0.07%
	101.5%
	100.2%
	99.9%
	100.0%

	Class F
	-0.10%
	-0.10%
	-0.08%
	100.3%
	100.1%
	101.9%
	99.9%

	 
	 
	 
	 
	 
	 
	 
	 

	
	Random Access Main 10

	
	Over ECM16.1

	 
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	-0.04%
	0.00%
	0.07%
	99.8%
	99.5%
	100.0%
	99.3%

	Class A2
	-0.03%
	0.14%
	0.02%
	99.9%
	100.0%
	100.8%
	99.7%

	Class B
	-0.09%
	-0.07%
	-0.03%
	100.7%
	100.3%
	100.0%
	99.9%

	Class C
	-0.10%
	-0.14%
	-0.04%
	100.9%
	100.0%
	100.0%
	100.0%

	Class E
	 
	 
	 
	 
	 
	 
	 

	Overall
	-0.07%
	-0.03%
	0.00%
	100.4%
	100.0%
	100.2%
	99.8%

	Class D
	-0.10%
	0.23%
	-0.07%
	100.8%
	99.9%
	100.0%
	100.0%

	Class F
	-0.08%
	0.05%
	-0.22%
	99.3%
	99.1%
	100.6%
	100.1%

	 
	 
	 
	 
	 
	 
	 
	 

	
	Low delay B Main 10 

	
	Over ECM16.1

	
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	 
	 
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	
	 
	 

	Class B
	-0.04%
	0.29%
	-0.50%
	100.2%
	100.3%
	100.0%
	100.0%

	Class C
	-0.16%
	0.10%
	0.06%
	99.9%
	99.3%
	100.0%
	99.8%

	Class E
	-0.03%
	-0.08%
	0.24%
	99.1%
	99.7%
	100.0%
	100.1%

	Overall
	-0.08%
	0.13%
	-0.13%
	99.9%
	99.8%
	100.0%
	99.9%

	Class D
	-0.07%
	-0.27%
	-0.13%
	100.9%
	100.2%
	100.0%
	100.0%

	Class F
	-0.56%
	-0.31%
	-0.44%
	102.2%
	100.9%
	100.1%
	100.1%
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