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Abstract
The reduced runtime VTM encoder configuration #3 adopted at the 38th meeting doesn’t quite achieve the target of 0.2x encoder runtime under CfE test conditions. This contribution reports on software improvements that were recently made to VTM and proposes new encoder configurations to get closer to the target.
Introduction
Three reduced encoder runtime configurations were adopted for VTM at the 38th meeting. These configurations were intended to reduce encoder runtimes (relative to the default configuration) to 50%, 30%, and 20% respectively. When used in CfE test conditions, the observed runtimes do not quite reach these targets. For example, the fastest configuration achieves a relative runtime of about 28% instead of 20%.

	Configuration
	Target
	BD-rate (RA)
	Run time (RA)
	BD-rate (LD)
	Run time (LD)

	Reduced runtime #1
	50%
	+0.82%
	75.2%
	+0.87%
	73.5%

	Reduced runtime #2
	30%
	+2.75%
	56.7%
	+2.96%
	54.6%

	Reduced runtime #3
	20%
	+17.55%
	28.8%
	+17.61%
	26.9%


Improvements have recently been made to VTM to reduce encoder run time, more so for the faster configurations. These improvements are described in section 2.
Additionally, new configurations are proposed in section 3 to further reduce run times as well as the bitrate losses resulting from faster encoding settings.
Improvements to VTM
Improvements to VTM targeting run time reduction were incorporated into VTM after the 38th meeting. These improvements do not alter the bitstreams generated by the encoder but reduce encoder run time. They include:
· Faster interpolation filtering in the temporal pre-filter. For example, interpolation is done only along one direction when interpolation along the second direction is not needed.
· Faster CRC32C hash computation. SIMD code using dedicated instruction is reenabled.
· Improved memory management for hash ME. One vector of hash-position pairs is allocated instead of one vector of positions per hash value. This considerably reduces calls to memory allocation functions as well as the total amount of allocated memory.
When encoding bitstreams under CfE conditions, these improvements lead to the following run time reductions:
	Configuration
	Run time (RA)
	Run time (LD)

	Base (CTC)
	-7.2%
	-6.1%

	Reduced runtime #1
	-8.9%
	-7.7%

	Reduced runtime #2
	-11.3%
	-9.8%

	Reduced runtime #3
	-21.8%
	-18.8%


The updated runtime ratios relative to the baseline (CTC) configuration are:
	Configuration
	Target
	BD-rate (RA)
	Run time (RA)
	BD-rate (LD)
	Run time (LD)

	Reduced runtime #1
	50%
	+0.82%
	73.8%
	+0.87%
	72.3%

	Reduced runtime #2
	30%
	+2.76%
	54.1%
	+2.96%
	52.4%

	Reduced runtime #3
	20%
	+17.58%
	24.2%
	+17.64%
	23.3%


Whereas the relative runtimes are clearly lower than before, they don’t quite reach 20% for the fastest configuration. Further reduction through configuration changes is therefore proposed in the next section.
Proposal
It is proposed to modify the reduced runtime configurations #2 and #3 as described below in sections 3.1 and 3.2. It should be noted that MTT depth values are higher than in the current configurations and runtime reduction is achieved through other means. Furthermore, these configurations are optimized neither for the most current VTM version nor for the CfE sequences and test conditions. Therefore, it is likely that configurations with better trade-offs between encoder run time and BD-rate performance exist.
Rates were matched to CfE targets with the proposed configurations, and yielding the following results:
	Configuration
	Target
	BD-rate (RA)
	Run time (RA)
	BD-rate (LD)
	Run time (LD)

	Reduced runtime #1
	50%
	+0.82%
	73.8%
	+0.87%
	72.3%

	Proposed RR #2
	30%
	+4.01%
	43.4%
	+4.13%
	42.6%

	Proposed RR #3
	20%
	+15.02%
	22.2%
	+14.59%
	21.7%


It should be noted that in this contribution average relative run times are computed as follows: the ratio of the sum of run times over the four target bitrates is first computed for each sequence. Then the geometric mean of the ratios is reported. This approach was selected to put more weight on the higher rates where run time reductions are more desirable.

The following table shows the impact of using the geometric mean of sums compared to the geometric mean.
	Configuration
	Geomean of
sums (RA)
	Geomean of
sums (LD)
	Geomean (RA)
	Geomean (LD)

	Reduced runtime #1
	73.8%
	72.3%
	78.6%
	76.9%

	Proposed RR #2
	43.4%
	42.6%
	47.0%
	45.6%

	Proposed RR #3
	22.2%
	21.7%
	24.9%
	23.8%



The graph below shows the relationship between encoder run time and BD-rate performance for the RA condition. Clearly, VTM 23.11[footnoteRef:1] with the proposed configurations results in much lower BD-rate overhead for a given run time. [1:  Commit be24e440a was used. It is expected to have performance identical to VTM 23.11.] 


Reduced runtime configuration #2
UseNonLinearAlfLuma : 0
SplitPredictAdaptMode : 2
MergeRdCandQuotaGpm : 5
ContentBasedFastQtbt : 1
AdaptBypassAffineMe : 1
MaxMTTHierarchyDepth : 2
MaxMTTHierarchyDepthISliceL : 2
MTS : 4
MTSIntraMaxCand : 3
MaxNumMergeCand : 5
AllowDisFracMMVD : 0
MaxMergeRdCandNumTotal : 5
Reduced runtime configuration #3
UseNonLinearAlfLuma : 0
SplitPredictAdaptMode : 2
MergeRdCandQuotaGpm : 4
MaxTTNonISlice : 32
MaxBTNonISlice : 64
ContentBasedFastQtbt : 1
AdaptBypassAffineMe : 1
CTUSize : 64
MaxMTTHierarchyDepth : 1
MaxMTTHierarchyDepthISliceL : 2
MaxMTTHierarchyDepthISliceC : 1 
MTS : 4
MTSIntraMaxCand : 3
MaxNumMergeCand : 5
AllowDisFracMMVD : 0
AffineAmvr : 0
ISPFast : 1
FastMIP : 1
MaxMergeRdCandNumTotal : 4
AffineAmvrEncOpt : 0
Patent rights declaration(s)
Bossen Technologies does not have any current or pending patent rights relating to the technology described in this contribution.
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