	[image: ][image: ]Joint Video Experts Team (JVET)
of ITU-T SG21 WP3/21 and ISO/IEC JTC 1/SC 29
39th Meeting, Daejeon, KR, 26 June – 4 July 2025
	Document: JVET-AM0228-v41



	Title:
	EE2-3.4: Reduced zero-out for NSPT kernels

	Status:
	Input document to JVET

	Purpose:
	Proposal

	Author(s) or
Contact(s):
	Gleb Verba, Muhammed Coban, Vadim Seregin, Marta Karczewicz 

	
Tel:
Email:
	
gverba@qti.qualcomm.com

	Source:
	Qualcomm Incorporated


_____________________________
Abstract
This contribution reports the results of EE2 Test 3.4, continuing JVET-AL0215. The contribution proposes to increase the number of output non-zero NSPT coefficients for several block shapes and reduce the kernel amount to compensate for the memory increase. All kernels are retrained using ECM-16.115.0 software. The method was implemented on top of ECM-17.0 and the experimental results following CTC are reported as follows:
Test 3.4a:
AI: -0.04% (Y) -0.04% (U) 0.00% (V) 99.6% (EncT) 100.0% (DecT)
RA: -0.03% (Y) -0.07% (U) -0.02% (V) 99.9% (EncT) 99.9% (DecT)
Test 3.4b:
AI: 0.01% (Y) 0.01% (U) 0.02% (V) 99.4% (EncT) 99.7% (DecT)
RA: 0.01% (Y) 0.04% (U) 0.08% (V) 99.6% (EncT) 99.8% (DecT)
Test 3.4c:
AI: -0.03% (Y) -0.02% (U) -0.03% (V) 100.1% (EncT) 99.7% (DecT)
RA: -0.04% (Y) 0.02% (U) 0.05% (V) 100.0% (EncT) 100.4% (DecT)
Introduction
The amounts of NSPT output coefficients in ECM-17.0 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-17.0 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. [2]
Test description
For the subtests below, the training process described applied in JVET-AL0215 [3] is reused, the training uses data obtained with ECM-16.115.0 software.
In Test 3.4a, the amounts of output non-zero coefficients for NSPT are increased for block sizes 4x8, 4x16, 8x32 and corresponding transposed block shapes. 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
	-
	-


In Test 3.4b, kernel amounts are reduced for several block sizes. The reduction is achieved by sharing a retrained NSPT kernel between a larger number of neighboring intra modes. Specifically, 3 technologies are applied:
1. For dimensions 16x8 and 8x16, every two consequent modes share one kernel in anchor. In Test 3.4b, every four consequent modes are combined. This is applied for NSPT groups 2 (mixed intra) and 3 (inter), lfnstIdx=2,3.
2. Modes 2-7 for dimensions 8x4, 16x8, modes 2-11 for 16x4, 32x8, modes 2-13 for 32x4 are combined within a block dimension. In wide angle prediction technology, these combinations of block dimensions and intra mode are encountered only for ISP.
3. Various modes which are rarely encountered, are combined to other 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
	-
	-


Test 3.4c is a combination of Test 3.4a and Test 3.4b
Auxiliary software and results are provided:
Test 3.4c* is a combination of Test 3.4a and Test 3.4b without retraining the kernels. Instead, a subset of extended anchor kernels is applied.
The worst-case operation count per TB for Test 3.4c is for block size 8x32/32x8: 32x256 = 8192 MACs.
The worst-case operation count per sample for Test 3.4c is for block size 8x16/16x8: 40 MACs/sample, which corresponds to ECM-17.0.
Test results
Test 3.4a

	
	All Intra Main 10 

	
	Over ECM-17.0

	
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	-0.02%
	-0.11%
	-0.01%
	99.4%
	99.6%
	100.1%
	100.0%

	Class A2
	-0.02%
	0.00%
	0.01%
	99.7%
	99.7%
	100.0%
	100.2%

	Class B
	-0.05%
	-0.06%
	0.08%
	98.9%
	100.3%
	100.9%
	99.9%

	Class C
	-0.07%
	-0.08%
	-0.08%
	100.7%
	100.1%
	99.6%
	100.0%

	Class E
	0.01%
	0.05%
	0.00%
	99.4%
	100.1%
	102.1%
	100.2%

	Overall 
	-0.04%
	-0.04%
	0.00%
	99.6%
	100.0%
	100.5%
	100.0%

	Class D
	-0.07%
	-0.06%
	-0.05%
	100.6%
	99.8%
	100.0%
	100.1%

	Class F
	0.02%
	-0.07%
	-0.05%
	98.9%
	98.1%
	99.6%
	100.0%

	
	
	
	
	
	
	
	

	
	Random Access Main 10

	
	Over ECM-17.0

	
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	-0.04%
	0.14%
	0.07%
	101.4%
	99.8%
	100.0%
	99.4%

	Class A2
	-0.02%
	0.07%
	-0.12%
	101.0%
	100.3%
	100.0%
	100.2%

	Class B
	-0.03%
	-0.23%
	-0.05%
	99.5%
	99.9%
	99.9%
	100.0%

	Class C
	-0.03%
	-0.13%
	0.03%
	98.6%
	99.5%
	100.0%
	100.1%

	Class E
	
	
	
	
	
	
	

	Overall
	-0.03%
	-0.07%
	-0.02%
	99.9%
	99.9%
	100.0%
	99.9%

	Class D
	-0.08%
	0.33%
	-0.18%
	101.5%
	100.4%
	100.2%
	100.1%

	Class F
	0.05%
	-0.02%
	0.28%
	99.5%
	99.3%
	100.0%
	100.1%

	
	
	
	
	
	
	
	

	
	Low delay B Main 10 

	
	Over ECM-17.0

	
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	
	
	
	
	
	
	

	Class A2
	
	
	
	
	
	
	

	Class B
	
	
	
	
	
	
	

	Class C
	-0.13%
	-0.34%
	0.00%
	100.6%
	100.6%
	100.0%
	100.0%

	Class E
	-0.15%
	0.73%
	0.70%
	100.5%
	100.3%
	100.0%
	100.3%

	Overall
	
	
	
	
	
	
	

	Class D
	0.07%
	-1.04%
	0.54%
	100.2%
	100.3%
	100.1%
	100.1%

	Class F
	0.02%
	0.60%
	1.13%
	100.6%
	100.8%
	99.1%
	100.2%



Test 3.4b

	
	All Intra Main 10 

	
	Over ECM-17.0

	
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	-0.01%
	0.08%
	0.09%
	99.5%
	99.6%
	100.0%
	99.8%

	Class A2
	-0.01%
	-0.03%
	-0.03%
	100.2%
	99.6%
	100.0%
	100.0%

	Class B
	0.02%
	-0.01%
	-0.03%
	99.5%
	99.8%
	99.0%
	99.9%

	Class C
	0.02%
	0.02%
	0.01%
	99.2%
	99.6%
	99.5%
	99.9%

	Class E
	0.03%
	0.00%
	0.09%
	98.5%
	99.9%
	99.0%
	100.0%

	Overall 
	0.01%
	0.01%
	0.02%
	99.4%
	99.7%
	99.5%
	99.9%

	Class D
	0.02%
	0.14%
	-0.09%
	100.6%
	100.3%
	99.7%
	99.9%

	Class F
	0.07%
	0.14%
	-0.02%
	99.9%
	99.9%
	98.5%
	99.9%

	
	
	
	
	
	
	
	

	
	Random Access Main 10

	
	Over ECM-17.0

	
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	-0.01%
	0.13%
	0.05%
	100.4%
	100.0%
	100.0%
	99.6%

	Class A2
	0.04%
	0.09%
	-0.08%
	100.3%
	100.1%
	100.0%
	99.9%

	Class B
	0.00%
	-0.10%
	-0.02%
	99.3%
	99.8%
	99.9%
	100.1%

	Class C
	-0.01%
	0.11%
	0.34%
	99.0%
	99.4%
	100.0%
	100.0%

	Class E
	
	
	
	
	
	
	

	Overall
	0.01%
	0.04%
	0.08%
	99.6%
	99.8%
	100.0%
	100.0%

	Class D
	0.03%
	0.50%
	0.20%
	101.4%
	100.5%
	100.1%
	99.9%

	Class F
	0.03%
	0.00%
	-0.06%
	99.5%
	99.5%
	99.9%
	100.1%



Test 3.4c

	
	All Intra Main 10 

	
	Over ECM-17.0

	
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	-0.03%
	-0.11%
	0.05%
	100.3%
	99.2%
	100.0%
	99.9%

	Class A2
	-0.02%
	0.00%
	0.02%
	99.2%
	100.0%
	100.0%
	100.1%

	Class B
	-0.04%
	0.04%
	0.00%
	100.0%
	100.1%
	100.9%
	99.9%

	Class C
	-0.05%
	-0.01%
	-0.14%
	100.6%
	99.7%
	99.9%
	100.0%

	Class E
	0.02%
	-0.03%
	-0.06%
	100.5%
	99.5%
	100.0%
	100.0%

	Overall 
	-0.03%
	-0.02%
	-0.03%
	100.1%
	99.7%
	100.2%
	100.0%

	Class D
	-0.07%
	-0.01%
	-0.18%
	100.7%
	99.8%
	100.1%
	100.0%

	Class F
	-0.03%
	-0.03%
	0.07%
	98.7%
	98.4%
	99.3%
	99.9%

	
	
	
	
	
	
	
	

	
	Random Access Main 10

	
	Over ECM-17.0

	
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	-0.01%
	0.16%
	0.09%
	100.8%
	100.9%
	100.0%
	100.0%

	Class A2
	-0.02%
	0.17%
	-0.06%
	100.8%
	100.4%
	100.1%
	99.7%

	Class B
	-0.02%
	-0.09%
	-0.02%
	99.5%
	100.2%
	100.1%
	100.1%

	Class C
	-0.09%
	-0.08%
	0.20%
	99.4%
	100.2%
	100.0%
	100.0%

	Class E
	
	
	
	
	
	
	

	Overall
	-0.04%
	0.02%
	0.05%
	100.0%
	100.4%
	100.0%
	100.0%

	Class D
	-0.02%
	0.45%
	-0.16%
	99.9%
	100.0%
	100.1%
	100.0%

	Class F
	-0.09%
	-0.24%
	0.01%
	99.3%
	99.0%
	99.9%
	100.0%

	
	
	
	
	
	
	
	

	
	Low delay B Main 10 

	
	Over ECM-17.0

	
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	
	
	
	
	
	
	

	Class A2
	
	
	
	
	
	
	

	Class B
	
	
	
	
	
	
	

	Class C
	-0.09%
	-0.22%
	0.26%
	98.9%
	96.4%
	100.0%
	99.8%

	Class E
	-0.06%
	1.67%
	0.45%
	100.1%
	98.3%
	100.0%
	99.9%

	Overall
	
	
	
	
	
	
	

	Class D
	0.11%
	0.02%
	1.44%
	99.8%
	100.0%
	99.9%
	100.0%

	Class F
	-0.03%
	-0.34%
	-0.13%
	98.0%
	99.7%
	100.0%
	100.1%


Test 3.4c*

	
	All Intra Main 10 

	
	Over ECM-17.0

	
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	-0.03%
	-0.05%
	0.05%
	100.9%
	99.5%
	100.0%
	99.9%

	Class A2
	-0.03%
	-0.07%
	-0.06%
	101.4%
	99.7%
	100.0%
	100.1%

	Class B
	-0.04%
	-0.02%
	-0.04%
	100.8%
	100.1%
	99.0%
	100.0%

	Class C
	-0.06%
	0.00%
	-0.10%
	102.3%
	99.6%
	100.0%
	100.0%

	Class E
	0.00%
	0.02%
	0.04%
	99.9%
	100.1%
	100.0%
	100.0%

	Overall 
	-0.03%
	-0.02%
	-0.03%
	101.1%
	99.8%
	99.7%
	100.0%

	Class D
	-0.08%
	0.02%
	-0.08%
	102.5%
	100.1%
	99.5%
	100.0%

	Class F
	-0.02%
	0.02%
	-0.08%
	101.1%
	100.1%
	100.6%
	99.9%

	
	
	
	
	
	
	
	

	
	Random Access Main 10

	
	Over ECM-17.0

	
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	-0.01%
	0.16%
	-0.02%
	100.2%
	100.2%
	100.0%
	100.3%

	Class A2
	0.01%
	0.17%
	-0.10%
	99.9%
	100.4%
	100.0%
	99.7%

	Class B
	-0.03%
	-0.02%
	0.03%
	99.1%
	99.9%
	99.9%
	100.0%

	Class C
	-0.06%
	0.01%
	0.11%
	99.6%
	99.4%
	100.0%
	100.0%

	Class E
	
	
	
	
	
	
	

	Overall
	-0.02%
	0.06%
	0.02%
	99.6%
	99.9%
	100.0%
	100.0%

	Class D
	-0.01%
	0.01%
	-0.33%
	101.7%
	100.3%
	100.1%
	100.0%

	Class F
	0.05%
	0.37%
	0.41%
	99.5%
	99.1%
	99.9%
	100.1%
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