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Abstract
An independent VVC software decoder implemented by Tencent is demonstrated in this contribution. The performance of such a decoder is provided by decoding the CTC bitstreams generated by VTM-10 encoder. It is reported that for CTC RA configuration, an average of 48.5 fps can be achieved on an 8-core 8-thread (without overclocking) processor when decoding 4K bitstreams, a 21X speedup over the VTM decoder; an average of 182 fps can be achieved on an 8-core processor when decoding full HD (1080p) bitstreams; an average of 259 fps can be achieved on an 8-core processor when decoding full HD (1080p) SCC bitstreams. 

Introduction
Upon the completion of VVC standard, the implementability of such a new codec format remains a challenge to its wide deployment in the industry. This is partly because its target applications include ultra high resolution and high bitrate video. The added new features on top of HEVC also contribute to the total complexity. As an early stage attempt, an independent VVC software decoder has been developed by Tencent, trying to demonstrate the capability of efficient decoding VVC bitstreams.
Below is a high-level summary of the highlights of the VVC software decoder implementation by Tencent:
· Picture level parallelism
All intra coded pictures, as well as inter coded picture that do not have dependency, can be decoded in parallel.
· CTU level parallelism
Typical WPP pattern can enable CTUs to be decoded in parallel.

· Module level parallelism
Pixel processor (MV derivation, prediction, De-quant, Inv-transform and Recon.) and filter processor (LMCS, DBK, SAO, ALF) can work in parallel. In addition, Decoder parser and pixel processor can work in parallel as long as they operate in different frames.
· Sub-CTU level parallelism
All inter coded CUs can be decoded in parallel, SMID optimization, etc.


Results
Table I below shows the results of decoding 4K bitstreams (generated with VTM version 10.0, RA configuration of common test conditions). The software was run on Windows Desktop i7-9700@3.0G platform. The average acceleration factor over VTM decoder is 21 (48.1/2.3) with an 8-core processor setting (hyperthreading not supported).

Table I: decoding speed comparison among VTM and Tencent O266 decoders, 4K CTC streams
	Sequence
	QP
	Frames
	Bitrate [Mbps]
	VTM [fps]
	O266 Thread 1 [fps]
	O266 Thread 2 [fps]
	O266 Thread 4 [fps]
	O266 Thread 8 [fps]

	Tango
	22
	294
	27.86
	2.03
	6.74
	13.02
	23.82
	41.86

	
	27
	294
	7.54
	2.48
	8.21
	15.62
	28.48
	50.33

	
	32
	294
	3.62
	2.72
	9.11
	17.33
	31.34
	55.48

	
	37
	294
	1.97
	3.04
	10.59
	20.11
	36.64
	64.11

	FoodMarket
	22
	300
	16.98
	2.11
	7.02
	13.43
	24.85
	44.47

	
	27
	300
	7.58
	2.40
	7.92
	15.16
	27.98
	48.62

	
	32
	300
	3.91
	2.66
	8.96
	17.07
	31.41
	56.37

	
	37
	300
	2.06
	2.95
	10.21
	19.5
	35.92
	63.58

	Campfire
	22
	300
	59.03
	1.35
	4.23
	8.33
	15.93
	29.01

	
	27
	300
	15.33
	2.09
	7.16
	13.76
	24.43
	46.12

	
	32
	300
	6.93
	2.54
	8.79
	16.69
	30.51
	54.96

	
	37
	300
	3.50
	2.91
	10.07
	19.07
	34.71
	59.05

	CatRobot
	22
	300
	33.71
	1.86
	6.13
	11.81
	21.77
	38.27

	
	27
	300
	8.68
	2.45
	7.98
	15.31
	28.39
	50.36

	
	32
	300
	4.11
	2.79
	9.29
	17.81
	32.94
	57.57

	
	37
	300
	2.14
	3.06
	10.65
	20.34
	37.75
	66.46

	DaylightRoad
	22
	300
	58.71
	1.62
	5.23
	10.17
	18.77
	32.75

	
	27
	300
	10.23
	2.27
	7.41
	14.21
	26.1
	47.68

	
	32
	300
	4.12
	2.62
	8.61
	16.35
	30.07
	54.04

	
	37
	300
	2.06
	2.96
	10.08
	19.16
	35.32
	5161.98

	ParkRunning
	22
	300
	108.17
	1.17
	3.57
	6.99
	13.53
	24.75

	
	27
	300
	41.64
	1.46
	4.72
	9.17
	17.35
	31.82

	
	32
	300
	18.47
	1.76
	5.83
	11.19
	20.96
	38.49

	
	37
	300
	8.01
	2.22
	7.27
	13.86
	25.43
	45.64

	Average
	
	
	19.02
	2.31
	7.74
	14.81
	27.27
	48.0749



Table II and III below shows the results of decoding 2K bitstreams (generated with VTM version 10.0, RA configuration of common test conditions and SCC CE conditions). The software was run on Windows Desktop i7-9700@3.0G platform. It is shown that in call cases when 8 threads are used the decoding speed fulfills the real-time requirement which is typically set to 60fps. In fact, in most cases 4 threads can achieve real-time decoding while 8 threads can significantly exceed 60fps. At the similar bitrate, it was also observed that decoder can achieve higher performance(fps) while decoding SCC sequences compared with non-SCC ones.

Table II: decoding speed comparison among VTM and Tencent O266 decoders, 2K CTC streams
	Sequence
	QP
	Frames
	Bitrate [Mbps]
	VTM [fps]
	O266 Thread 1 [fps]
	O266 Thread 2 [fps]
	O266 Thread 4 [fps]
	O266 Thread 8 [fps]

	MarketPlace
	22
	600
	14.39
	6.74
	21.02
	40.06
	73.13
	129.63

	
	27
	600
	5.12
	8.54
	26.84
	50.78
	91.12
	162.95

	
	32
	600
	2.26
	10.12
	32.66
	61.53
	108.68
	192.03

	
	37
	600
	1.00
	11.6
	38.92
	73.51
	127.79
	219.38

	RitualDance
	22
	600
	9.22
	7.13
	23.12
	43.74
	79.37
	143.36

	
	27
	600
	4.57
	8.78
	28.79
	54.21
	97.84
	166.05

	
	32
	600
	2.43
	10.35
	34.23
	64.29
	114.96
	201.47

	
	37
	600
	1.27
	11.84
	40.17
	75.27
	132.6
	233.2

	Cactus
	22
	500
	14.09
	6.65
	21.22
	40.24
	71.09
	120.21

	
	27
	500
	4.12
	9.66
	32.18
	60.24
	107.48
	184.36

	
	32
	500
	1.89
	11.43
	39.33
	73.27
	128.41
	216.78

	
	37
	500
	0.93
	12.99
	47.11
	88.1
	152.03
	257.45

	BasketballDrive
	22
	500
	14.44
	6.2
	19.56
	37.34
	67.16
	117.78

	
	27
	500
	4.69
	8.3
	26.44
	49.81
	88.79
	158.62

	
	32
	500
	2.16
	9.76
	31.53
	58.8
	103.19
	182.4

	
	37
	500
	1.07
	11.02
	35.66
	66.12
	115.14
	207.01

	BQTerrace
	22
	600
	34.07
	4.65
	14.38
	27.91
	52.19
	93.8

	
	27
	600
	5.47
	9.75
	31.75
	59.04
	101.57
	174.95

	
	32
	600
	1.69
	12.16
	39.79
	73.26
	126.24
	223.15

	
	37
	600
	0.75
	13.46
	45.14
	83.49
	143
	254.02

	Average
	
	
	6.28
	9.56
	31.49
	59.05
	104.09
	181.93



Table III: decoding speed comparison among VTM and Tencent O266 decoders, 2K SCC streams
	Sequence
	QP
	Frames
	Bitrate [Mbps]
	VTM [fps]
	O266 Thread 1 [fps]
	O266 Thread 2 [fps]
	O266 Thread 4 [fps]
	O266 Thread 8 [fps]

	ArenaOfValor
	22
	600
	11.81
	7.3
	23.91
	45.84
	82.36
	138.16

	
	27
	600
	5.06
	9.7
	32.56
	61.78
	110.26
	184.50

	
	32
	600
	2.43
	11.7
	40.35
	76.25
	135.24
	222.32

	
	37
	600
	1.21
	13.3
	47.77
	89.75
	156.99
	255.59

	FlyingGraphics
	22
	300
	24.06
	5.1
	16.53
	32.14
	59.17
	105.20

	
	27
	300
	12.32
	6.1
	20.67
	39.85
	72.06
	125.59

	
	32
	300
	7.15
	7.1
	24.21
	46.43
	82.74
	144.37

	
	37
	300
	4.04
	8.7
	28.88
	54.97
	96.60
	166.74

	Desktop
	22
	600
	1.95
	18.5
	76.40
	136.91
	219.94
	321.52

	
	27
	600
	1.44
	18.7
	81.41
	147.15
	241.04
	348.31

	
	32
	600
	1.13
	19.3
	88.66
	161.70
	268.53
	393.31

	
	37
	600
	0.91
	19.5
	89.22
	161.86
	269.33
	401.83

	Console
	22
	600
	3.64
	14.5
	54.25
	97.35
	159.72
	264

	
	27
	600
	2.70
	15.5
	58.73
	105.64
	171.39
	276.23

	
	32
	600
	2.05
	16.1
	63.07
	112.75
	184.02
	293.37

	
	37
	600
	1.54
	17.2
	69.32
	124.26
	201.62
	313.01

	ChineseEditing
	22
	600
	4.03
	17.2
	69.45
	126.33
	196.31
	273.68

	
	27
	600
	2.99
	17.4
	74.16
	135.57
	214.83
	302.41

	
	32
	600
	2.20
	17.6
	75.90
	139.09
	223.26
	315.82

	
	37
	600
	1.57
	18.0
	78.06
	142.40
	231.68
	336.42

	Average
	
	
	4.71
	13.93
	55.68
	101.9
	168.85
	259.12



Player 
A video player is implemented based on the presented VVC decoding capability and can display VVC bitstreams in real-time. A video player is implemented based on the presented VVC decoding capability and can display VVC bitstreams in real-time. This player is built based the open source solution of FFmpeg/VLC and comes with basic play/pause control.  It is complying with the GPL license and will be released to download soon at https://mmedia.tencent.com/vvc-player.
Conclusion 
An example VVC software decoder is demonstrated in this contribution, with its performance reported when decoding the VVC CTC 4K/2K bitstreams in RA configurations. With multithreading, the decoder can decode 2K bitstreams in real-time with a large margin and achieve a speed of 48.5 fps when handling 4K bitstrteams.
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