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Abstract
This document describes benefits of presence in the exploration model an additional operation point, corresponding to the constrained complexity encoding scenario. Possible parameters of this operation point such as the ratio between encoding run time and real time are discussed. Possible strategies of implementation of such a new operation point are present.
Motivation
Preliminary draft of use cases and requirements for potential next-generation video coding standard beyond VVC capability [1] introduces the requirement on real-time encoding with “adequate coding efficiency advantage over existing standards” as follows:

“The standard shall enable encoders to trade off complexity and coding efficiency in an economically viable way. Real-time encoding with adequate coding efficiency advantage over existing standards shall be feasible at the expected time of usage. Non-real-time encoding with further improvement of coding efficiency should be feasible at the expected time of usage.” (Section 3 Complexity).

Non-real-time encoding scenario is addressed in current exploration model and CTC. Typical encoding time (ET) to real time (RT) ratio for HD content is about 104 for VTM and 105 for ECM. However such ET/RT is quite far away from the constrained complexity encoding scenario – this scenario is not yet represented well in the current CTC and the exploration model.

We believe that the presence of the second operation point in the exploration model and the corresponding test conditions for the constrained complexity scenario have the following benefits:
1. For a big number of applications coding gain for (ET/RT=1-100) scenario is much more important than coding gain for (ET/RT~105) scenario
2. Presence of the SW, demonstrating substantial coding gain for e.g. (ET/RT=100) scenario in single-thread mode, can be very clear evidence of the standard usability and so, facilitate fast standard deployment. This is especially important, considering increasing the importance of SW codec implementations, which nowadays drive VVC deployment a lot.


3. Gain/complexity trade-off can be very different for (ET/RT=100) and (ET/RT~105) scenarios for the same algorithm, especially if it requires a lot of RD-checks. So, presence of (ET/RT=100) operation point in the exploration model can help better evaluate and develop/tune algorithms for this scenario.
4. Currently implementers have to turn off some tools completely to meet complexity requirements, e.g. VVenC uses only 5 of 25 tools (control for which is available in the configuration file) in ‘faster’ preset (ET/RT ~ 1 for QP 37 and 8 threads). Presence of (ET/RT=100) operation point in the exploration model can help us better tune tools for the constrained complexity scenario and so make more tools, present in the codec, being useful/applicable for this scenario.
Example of VVC tools usage in different presets (VVenC)
VVenC [2][3] is a well-known open source high-quality implementation of VVC standard. This implementation has five presets/operation points: faster, fast, medium, slow and slower. Tools used in different presets are depicted in Table 1, which is prepared based on VVenC configuration files [4].
[bookmark: _Ref187185295]Table 1. Tools used in different VVenC presets
	 
	Preset

	Tools
	faster
	fast
	medium
	slow
	slower

	Affine               
	0
	5
	4
	3
	1

	ALF                  
	1
	1
	1
	1
	1

	BCW                  
	0
	0
	0
	2
	2

	BIO                  
	0
	1
	1
	1
	1

	CCALF                
	1
	1
	1
	1
	1

	CIIP                 
	0
	0
	0
	1
	1

	DepQuant             
	0
	1
	1
	1
	1

	DMVR                 
	1
	1
	1
	1
	1

	Geo                  
	0
	0
	4
	2
	1

	IMV                  
	0
	5
	5
	1
	1

	ISP                  
	0
	0
	3
	3
	1

	JointCbCr            
	0
	1
	1
	1
	1

	LFNST                
	0
	1
	1
	1
	1

	LMChroma             
	1
	1
	1
	1
	1

	LMCSEnable           
	0
	2
	2
	2
	2

	MIP                  
	0
	0
	1
	1
	1

	MMVD                 
	0
	3
	3
	3
	1

	MRL                  
	0
	1
	1
	1
	1

	MTS Explicit                 
	0
	0
	0
	0
	1

	MTS Implicit          
	1
	1
	1
	1
	0

	PROF                 
	0
	1
	1
	1
	1

	SBT                  
	0
	0
	0
	1
	1

	SbTMVP               
	0
	1
	1
	1
	1

	SMVD                 
	0
	0
	3
	3
	1

	UseNonLinearAlfChroma
	0
	0
	0
	0
	1

	UseNonLinearAlfLuma  
	0
	0
	0
	0
	1



It can be noticed that for the ‘faster’ preset, corresponding to ET/RT=1, only 5 from 25 tools, control parameters for which are available in the configuration file, are enabled: ALF, CCALF, DMVR, CCLM and MTS (implicit variant). It should be noted, that of course there are also some core tools like advanced partitioning, new merge candidates (e.g. HMVP), etc., which are the indispensable part of the framework and, so, are always turned on.
In order to analyze gain/complexity trade-offs and ET/RT ratio for the different operation points of VVenC, Table 2 was prepared based on the data available in [5] for HD sequences (columns “PSNR BD-rate vs. HM” and “Speedup vs. HM” were used). Table 2 shows additionally (ET/RT) * T, where T=8, as a rough estimation of ET/RT for a single-threaded mode (all results in [5] are for 8-thread mode). It can be noticed that gain/complexity trade-offs are quite different for the operation points close to the real-time and for ones corresponding to the ultimate performance scenario.
[bookmark: _Ref187185734]Table 2. Performance of different presets of VVenC
	Preset
	PSNR
BD-rate
vs. HM
	Speedup
vs. HM
	ET / RT
	 (ET / RT) * T
	Runtime increase
vs. prev preset
	BD-rate difference 
with the
prev preset
(estimated)
	Complexity per 1% gain

	faster
	-11%
	350
	1
	8
	
	 
	 

	fast
	-26%
	150
	2
	19
	2.3
	16%
	1.05

	medium
	-35%
	41
	9
	68
	3.7
	12%
	1.11

	slow
	-39%
	12
	29
	233
	3.4
	6%
	1.21

	slower
	-42%
	2.7
	130
	1037
	4.4
	5%
	1.37



Possible strategies of the (ET/RT=100) operation point implementation
We analyzed possible approaches to the implementation of the additional operation point and summarized them in Table 3. This analysis considers results of AhG 7 “Low Latency and Controlled Complexity (LLCC)”, in particular results of the proposal JVET-Y0060 [6], providing quite a lot of data about gain/complexity trade-offs for ET/RT close to 1000 for VTM and ECM. Additionally the meeting minutes of X, Y, Z and AA JVET meetings (parts related to AhG 7 proposals) were taken into account. In particular an option to use VVenC as a second codebase (option 1) for the constrained complexity scenario was mentioned during the discussion of Y0043, according to Y meeting report [7]. We are not considering this strategy as a preferable one, we believe that an additional operation point of the existing (or possible future) exploration model (in the other words, single codebase for all explorations) is a more practical way to go. We analyzed option 1 and added it to the Table 3 mostly for the sake of completeness.
Option 2 is to change configuration files of current VTM or ECM SW to achieve ET/RT=100. We very much doubt that it can be done with reasonable performance loss. To get an idea about the reasonable loss one can compare ‘medium’ preset of VVenC (which is close to ET/RT=100 in a single-thread mode) with ‘slower’ preset – ultimate performance preset, corresponding to the reference SW (VTM) level of the compression efficiency. This loss is less than 10%. Losses demonstrated during AhG 7 (LLCC) studies even for ET/RT=1000 were more than 20%. And we believe that AhG7 participants did a great effort and the trade-off unlikely can be much better if only configuration files are changed. That was our motivation to consider option 3 (option 2 + fast decisions).
Option 3 combines benefits of option 1 (realistic at some extent operation point) and option 2 (single codebase for all explorations). Implementation of fast decision algorithms in the reference software will of course take quite some effort, but from the other hand such algorithms are somehow known and VVenC is an open source proof that ET/RT=100 (single thread) can be done with <10% loss in comparison with the ultimate performance level, at least for VTM.
The additional benefit of option 3 is that with the fast decisions complete disabling of tools can be avoided, e.g. in VVenC the majority of tools are ON in ‘medium’ preset, as can be seen in Table 1. We believe that this approach is more reasonable, than disabling tools, because in this case newly developed “simple” variants of ECM tools will still need to compete with VVC tools even within constrained complexity operation point.
[bookmark: _Ref187193147]Table 3. Possible strategies of implementation an additional operation point for ET/RT=100
	Option
	Pro
	Contra

	VVenC
(2nd codebase)
	1. Realistic complexity/performance trade-off
(realistic operation point)
2. SW is ready, all fast decisions are in
	1. 2nd codebase
2. Difficult to port ECM tools
3. Might not be suitable for research (SW-wise)
4. No decoder (VVdeC is a separate project with different architecture)

	VTM/ECM +
config change
	1. Single codebase
2. No SW changes needed,
only extra config file
3. Can be done relatively quickly using LLCC activity results as a starting point
	1. Difficult to reach (ET/RT=100) with a reasonable trade-off -> configuration can be far from realistic from the performance point of view (even for ET/RT=1000 losses about 25% were reported for VTM in [6] (LLCC-1))

	VTM/ECM + 
config change + fast decisions
	1. Single codebase
2. Realistic complexity/performance trade-off
(realistic operation point)
	1. Need to implement fast decisions in VTM/ECM codebase (quite some effort)


Conclusion
Authors of the contribution believe that presence of an additional operation point, reflecting the properties of the constrained complexity encoding scenario, is quite important for the successful future of the next-generation video coding standard. Three possible strategies of implementation of such a new operation point were discussed. So far, the third option (same codebase for all operation points, fast decisions implemented in the codebase as switchable options) looks as a preferable one; in particular because it allows to avoid disabling tools completely and still potentially achieve “semi-realistic” runtime. This contribution is intended to initiate a discussion about necessity of an additional operation point, reflecting the properties of the constrained complexity encoding scenario, and possible ways of coming to it.
The precise specification of the additional operation point for the constrained complexity scenario can be developed jointly by the interested experts. Hopefully, initial ideas from the related input contributions (e.g. JVET-AK0232 and JVET-AK0201) can be helpful. In order to organize this activity, we propose to establish ad hoc group with the following mandates:
1. Solicit more information from practical encoder implementations
2. Define new operation point, reflecting a constrained complexity scenario
3. Design software/configuration for explorations in the constrained complexity scenario
References
[1] [bookmark: _Ref187189641]“Update on Preliminary draft of use cases and requirements for potential next-generation video coding standard beyond VVC capability”, ISO/IEC JTC 1/SC 29/WG 02, Document M70750, Geneva, January 2025
[2] [bookmark: _Ref187191222]A. Wieckowski et al., "VVenC: An Open And Optimized VVC Encoder Implementation," 2021 IEEE International Conference on Multimedia & Expo Workshops (ICMEW), 2021, pp. 1-2, doi: 10.1109/ICMEW53276.2021.9455944.
[3] [bookmark: _Ref187191224]“VVenC software repository”, available online: https://github.com/fraunhoferhhi/vvenc
[4] [bookmark: _Ref187191454][bookmark: _Hlk187191336]“VVenC cfg”, available online: https://github.com/fraunhoferhhi/vvenc/tree/master/cfg
[5] [bookmark: _Ref187192327]“VVenC Performance”, available online: https://github.com/fraunhoferhhi/vvenc/wiki/Encoder-Performance
[6] [bookmark: _Ref187194008]“JVET-Y0060”, available online: https://jvet-experts.org/doc_end_user/documents/25_Teleconference/wg11/JVET-Y0060-v2.zip
[7] [bookmark: _Ref187195002]Jens-Rainer Ohm, “Meeting Report of the 25th Meeting of the Joint Video Experts Team (JVET), by teleconference, 12–21 January 2022”, available online: https://www.itu.int/wftp3/av-arch/jvet-site/2022_01_Y_Virtual/JVET-Y_Notes_dH.docx
Patent rights declaration(s)
Huawei Technologies Co. does not have any current or pending patent rights relating to the technology described in this contribution.
	Page: 4	Date Saved: 2025-01-19
image1.png




image2.png




