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Abstract

According to 7th JCTVC meeting note, it is still desirable to improve CABAC context coded bin parsing throughput with the current design in HEVC Working Draft. However, CABAC context coded bin parsing throughput problem is highly relevant to spatial resolution, frame-rate, QP, coding configurations and resource limitation of decoder. In this proposal, some observations on CABAC context coded bin parsing throughput are provided. Based on these observations, a slice-based adaptive controlling mechanism of max_bin_rate is proposed to control CABAC context coded bin parsing throughput.
It is proposed that CABAC context coded bins of transform coefficients such as last_significant_coeff_x, last_significant_coeff_y(x+y), coeff_abs_level_greater2_flag (gt2), coeff_abs_level_greater1_flag (gt1), group_significant_coeff_flag and significant_coeff_flag (sig) can be grouped into several levels; and the bypass coding of CABAC will be applied to some of them according to the level indication in each slice header. Such a controlling mechanism can also be turned off completely at the sequence level when it is not needed in order to maintain coding efficiency. Some tests results are provided for showing the trade-offs. The impact on coding efficiency for low QPs (2, 7, 12, 17) settings are reported in Table 1.


Table 1 coding efficiency impact to low QPs (2, 7, 12, 17), max_bin_rate (20M binps)

	BD-rate
	AI-HE
	RA-HE
	LB-HE
	LP-HE

	Low QPs
	Class A
	Class B
	Class E
	Class A
	Class B
	Class C
	Class B
	Class C
	Class E
	Class B
	Class C
	Class E

	20M
	16.7%
	17.4%
	14.1%
	15.0%
	16.7%
	8.3%
	16.7%
	9.0%
	13.6%
	16.6%
	8.8%
	13.4%


1 Introduction
It has been decided to remove CAVLC from HEVC WD at last Geneva meeting, and it is also agreed that CABAC context coded bin parsing throughput would be problematic in case of real-time applications for high bit rate situations.
In order to address the problem, some observations are provided based on proposals like JCTVC-G569, JCTVC-G757, JCTVC-G988. Since there is no huge change between HM 5.x and HM 4.0 on this problem, the results herein can still be trusted as the starting point.

The CABAC bin/pixel statistic results in JCTVC-G569 are gathered in Table 2.



Table 2 bin/pixel statistic results of CABAC context coded bins from JCTVC-G569
	bin/pixel
	AI
	RA
	LB
	LP

	QP
	2
	7
	12
	17
	2
	7
	12
	17
	2
	7
	12
	17
	2
	7
	12
	17

	all_bin
	4.55
	3.83
	2.89
	1.95
	3.10
	2.24
	1.32
	0.65
	2.98
	2.19
	1.36
	0.66
	3.07
	2.27
	1.44
	0.71

	sig_bin
	1.70
	1.46
	1.16
	0.79
	1.26
	0.99
	0.62
	0.30
	1.21
	0.96
	0.65
	0.32
	1.23
	0.97
	0.67
	0.34

	gt1_bin
	1.37
	1.08
	0.77
	0.48
	0.92
	0.61
	0.31
	0.13
	0.88
	0.60
	0.32
	0.13
	0.91
	0.62
	0.35
	0.14

	gt2_bin
	0.88
	0.59
	0.36
	0.20
	0.47
	0.23
	0.10
	0.04
	0.44
	0.22
	0.08
	0.02
	0.47
	0.24
	0.09
	0.03

	x+y_bin
	0.38
	0.41
	0.34
	0.34
	0.28
	0.23
	0.15
	0.08
	0.29
	0.25
	0.16
	0.08
	0.31
	0.26
	0.17
	0.09

	msc_bin
	0.22
	0.29
	0.26
	0.14
	0.17
	0.18
	0.14
	0.10
	0.16
	0.16
	0.15
	0.11
	0.15
	0.18
	0.16
	0.11

	bin/pixel
	AI
	RA
	LB
	LP

	QP
	22
	27
	32
	37
	22
	27
	32
	37
	22
	27
	32
	37
	22
	27
	32
	37

	all_bin
	1.21
	0.74
	0.45
	0.27
	0.28
	0.12
	0.06
	0.03
	0.26
	0.10
	0.04
	0.02
	0.29
	0.11
	0.05
	0.02

	sig_bin
	0.47
	0.27
	0.15
	0.08
	0.12
	0.05
	0.02
	0.01
	0.11
	0.03
	0.01
	0.00
	0.12
	0.03
	0.01
	0.00

	gt1_bin
	0.28
	0.16
	0.09
	0.04
	0.05
	0.02
	0.01
	0.00
	0.04
	0.01
	0.00
	0.00
	0.05
	0.01
	0.01
	0.00

	gt2_bin
	0.11
	0.05
	0.02
	0.01
	0.02
	0.01
	0.00
	0.00
	0.01
	0.00
	0.00
	0.00
	0.01
	0.00
	0.00
	0.00

	x+y_bin
	0.17
	0.11
	0.07
	0.04
	0.03
	0.01
	0.01
	0.00
	0.03
	0.01
	0.00
	0.00
	0.04
	0.01
	0.01
	0.00

	msc_bin
	0.18
	0.15
	0.12
	0.10
	0.06
	0.03
	0.03
	0.02
	0.07
	0.05
	0.03
	0.02
	0.07
	0.06
	0.02
	0.02


Observation 1, the total average bin/pixel (all_bin) in Table 2 varied from 0.02 to 4.55. It is highly relevant to QP, and slice type (Intra or Inter). The value of all_bin increased quickly and the difference of all_bin between Intra and Inter slices became smaller when QP value decreased from median to low.
Observation 2, for typical 1080P 60fps real-time application with QPs from low to median (2, 7, 12, 17, 22, 27) under RA configuration, the average bin-rate (all_bin*W*H*fps) of QPs can be calculated to be (QP=2, 3.10bin/pixel, 368M binps); (QP=7, 2.24bin/pixel, 266M binps); (QP=12, 1.32bin/pixel, 157M binps); (QP=17, 0.65bin/pixel, 77M binps); (QP=22, 0.28bin/pixel, 33M binps); (QP=27, 0.12bin/pixel, 14M binps).
Observation 3, sig_bin, gt1_bin, gt2_bin and x+y_bin of transform coefficients occupied dominant part of all_bin according to Table 2. All other bins represented by msc_bin varied from 0.02 to 0.22 (or 5~10% of all_bin). So, if these bins of transform coefficients can be turned off one by one, CABAC parsing throughput issue at decoder side will be basically eliminated.
The real-world implementation of HEVC software decoder is described in JCTVC-757 and JCTVC-G988. They may reveal us even clearer how serious the CABAC parsing throughput issue can be at high bit rate situations.

Description in JCTVC-G757, in current state the following decoding rates is achieved:

1920x1080@50fps on a single core of a Core i5 processor (Arrandale) clocked at 2.53GHz

BasketballDrive, QP=27, ~6Mbps (50fps)

Table 3 CPU resources occupied for different decoding modules in JCTVC-G757
	Module
	Time

	Motion compensation
	48%

	Deblocking filter
	15%

	Parsing
	20%

	SAO
	8%

	Inverse quantization and transform
	4%

	Intra prediction / adding residual
	4%


Description in JCTVC-G988, the following decoding rates achieved with Single Instruction Multiple Data (SIMD), MMX/SSE on x86 to improve decoding time, which are the similar result of [1] (JCTVC-G757).
1920x1080@60fps on a single core of Core i5 750 (Nehalem) clocked at 2.66GHz, Profiling of software decoder on x86 was performed using Intel Parallel Amplifier 2011. The configuration is RA and QP is 32.
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Figure 1 CPU resources occupied for different decoding modules in JCTVC-G988
Observation 4, the Parsing in JCTVC-G757 occupied 0.506GHZ (20%*2.53G) CPU resource. According to bin/pixel statistic results in JCTVC-G569, the average bin/pixel is 0.10/0.12 for LB/RA configuration with QP equals to 27, so the average bin rate is 10/12M binps.
Observation 5, the Entropy coding in JCTVC-G988 (counterpart to Parsing in JCTVC-G757) occupied 0.4788GHZ (18%*2.66G) CPU resource. According to bin/pixel statistic results in JCTVC-G569, the average bin/pixel is 0.05 for RA configuration with QP equals to 32, so the average bin rate is 6M binps.
Observation 6, CABAC context coded bin parsing is an important part of software decoder. It stands for up to 20% of total complexity even with high QPs (27, 32) according to JCTVC-G757 and JCTVC-G988. And it will be much more difficult to be optimized than other parts due to its characteristics of serial processing. 
Observation 7, much more complexity will be added to decoder with low QPs like 2, 7, 12, 17 and 22 were chosen (See too of observation 1~2). And the software decoder’s performance will quickly be saturated at these situations. However, both encoder and decoder are blind to this situation and thus could by no means to avoid these unexpected cases.
Observation 8, even for hardware decoder implementation, it’s still possible to be saturated for real-time applications with lower QP value, larger spatial resolution and higher frame rate sequences. So, it should be desirable to label all decoders with its limitation of maximum bin rate (max_bin_rate), just like maximum bit rate (max_bit_rate) for real-time decoding. And it should be beneficial if encoder can control the number of CABAC context coded bins within max_bin_rate, ensuring decoder to be able to decode in real-time.

2 Technical description
CABAC can usually work fine for most situations. CABAC context coded bin parsing throughput problem is highly relevant to spatial resolution, frame-rate, QP value, coding configurations and resource limitation of decoder. For example,
1) Up to 4kx2k & 60 fps & QP=2 & AI configuration for real-time decoding;
2) Up to 500Mbinps (1cycles/bin, 500MHZ) for hardware decoder limitation;
3) Up to 20Mbinps (50cycles/bin, 1G CPU resources) for software decoder limitation.
In this kind application scenario, CABAC context coded bin parsing will become really a challenge for real-time decoding because the average bin rate is 2184M binps!

In order to resolve the parsing throughput issue, there are some possible solutions. For example,
1) Switch to choose CAVLC or CABAC at slice header. The drawback is two entropy tools were involved and it would cause cost problem of decoders which is always sensitive.
2) Use multiple bin parsing engines at decoder side. The drawback is it would highly dependent on structure of stream and would also cause cost problem of decoders which is always sensitive.
3) Modify CABAC engine to improve throughput. There are many of JCTVC proposals on this direction. But usually, there is penalty of coding efficiency loss and processing latency.
4) Try to reduce CABAC bin for worst cases. It is surely desirable if no extra complexity will be introduced. Such kind efforts are reported in JCTVC-G644, JCTVC-H0554 etc. However, it seems that the total number of CABAC bins is still huge for worst cases and parsing throughput issue still exist.
Since it is difficult to find an ideal solution to this issue, why not just to handle it with engineering method rather than theoretic considerations? 
The proposed solution here is to allow encoder designers to decide the balance between coding efficiency and parsing throughput by moving context coded bins to bypass mode and grouping bypass bins together.

According to statistic results of bin/pixels in JCTVC-G569, sig_bin, gt1_bin and gt2_bin occupied dominant portion of all_bins for low QP cases. The x+y_bin can also be problematic in AI configuration when targeting to software decoder for high bit rate situations.
Supposing that the encoder designers are aware of the resource limitation (max_bin_rate) of targeting decoders, then it is possible to adaptively switch x+y_bin, gt2_bin, gt1_bin and sig_bin on/off separately per slice at encoder side by regrouping them into bypass mode or not.
Specifically, the proposed solution is to add a new control flag (max_bin_rate_control_flag) into SPS. If max_bin_rate_control_flag was set to 1, add a new encoder parameter (max_bin_rate, 12bits of M binps) and the encoder can then adaptively choose to turn off context coded bins of transform coefficients (x+y_bin, gt2_bin, gt1_bin and sig_bin) one by one for each slice. This parameter of max_bin_rate may be set based on capability awareness of targeting decoder.
By doing so, some control information (tc_bypass_level, refer to Table 3) should be added into slice header to indicate whether or not to move context coded bins of transform coefficients (x+y_bin, gt2_bin, gt1_bin and sig_bin) to bypass mode and group bypass bins together. The value of tc_bypass_level should be chosen to make sure not only context coded bins created by encoder will never exceed max_bin_rate but also as many as possible of bins to be context coded.




Table 4 definition of tc_bypass_level in slice header
	tc_bypass_level
	Context Coded Bin
	Bypass Grouping Bin

	0
	x+y, gt2, gt1, sig
	--

	1
	gt2, gt1, sig
	x+y

	2
	gt1, sig
	x+y, gt2

	3
	sig
	x+y, gt2, gt1

	4
	--
	x+y, gt2, gt1, sig


The added max_bin_rate_control_flag, max_bin_rate along with the slice-based adaptive controlling mechanism (tc_bypass_level) can facilitate encoder designers to gracefully achieve the balance between high coding efficiency and high parsing throughput. And, in order to minimize impact to current encoder/decoder design and maintain high coding efficiency with QPs from median to high, the binarization process of transform coefficients should be kept unchanged.
The flowchart of controlling mechanism is shown in figure 2.



[image: image2.png]False
nax_bin_rate W

True

max_bin_rate SPS

tc_bypass_level slice header

X+y, gt2, gtl, sig

rtext Coded Bin Yes

CoeffNxN

Bypass Grouping Bin








Figure 2 slice-based adaptive controlling mechanism of max_bin_rate
3 Test and results

The implementation is on top of HM 5.0. The Table 5 and Table 6 below summarized the coding results both in common test conditions (QPs 22, 27, 32 and 37) and for higher bitrates, Low QP testing (QPs 2, 7, 12, 17). Note that all encoding/decoding times are not provided.



Table 5 Common conditions (QPs 22, 27, 32, 37), max_bin_rate (20M binps)
	
	All Intra HE
	Random Access HE

	
	Y
	U
	V
	Y
	U
	V

	Class A
	7.8%
	8.4%
	8.3%
	1.6%
	1.7%
	1.7%

	Class B
	5.4%
	5.8%
	5.7%
	1.3%
	1.4%
	1.4%

	Class C
	0.5%
	0.6%
	0.6%
	0.0%
	0.0%
	0.0%

	Class D
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	Class E
	0.0%
	0.0%
	0.0%
	　
	
	　

	Class F
	　
	
	　
	　
	　
	　

	Overall
	2.5%
	2.7%
	2.6%
	0.7%
	0.7%
	0.7%

	　
	2.5%
	2.7%
	2.7%
	0.7%
	0.7%
	0.7%

	
	All Intra HE
	Random Access HE

	
	Y
	U
	V
	Y
	U
	V

	Class A
	　
	　
	　
	　
	　
	　

	Class B
	1.4%
	1.4%
	1.4%
	1.6%
	1.5%
	1.5%

	Class C
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	Class D
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	Class E
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	Class F
	　
	　
	　
	　
	　
	　

	Overall
	0.4%
	0.4%
	0.4%
	0.5%
	0.5%
	0.5%

	　
	0.4%
	0.4%
	0.4%
	0.5%
	0.5%
	0.5%





Table 6 Low QP testing (QPs 2, 7, 12, 17) , max_bin_rate (20M binps)
	
	All Intra HE
	Random Access HE

	
	Y
	U
	V
	Y
	U
	V

	Class A
	16.7%
	16.7%
	16.8%
	15.0%
	15.1%
	15.1%

	Class B
	17.4%
	17.4%
	17.5%
	16.7%
	16.1%
	16.0%

	Class C
	11.9%
	12.0%
	12.1%
	8.3%
	8.4%
	8.2%

	Class D
	1.4%
	1.5%
	1.5%
	0.1%
	0.2%
	0.2%

	Class E
	14.1%
	15.4%
	16.5%
	　
	
	　

	Class F
	　
	
	　
	　
	　
	　

	Overall
	12.0%
	12.3%
	12.5%
	9.8%
	9.7%
	9.6%

	　
	12.4%
	14.4%
	14.3%
	9.7%
	9.7%
	9.6%

	
	All Intra HE
	Random Access HE

	
	Y
	U
	V
	Y
	U
	V

	Class A
	　
	　
	　
	　
	　
	　

	Class B
	16.7%
	16.3%
	16.2%
	16.7%
	16.3%
	16.2%

	Class C
	9.0%
	9.2%
	9.2%
	9.0%
	9.2%
	9.2%

	Class D
	0.1%
	0.2%
	0.3%
	0.1%
	0.2%
	0.3%

	Class E
	13.6%
	14.8%
	15.0%
	13.6%
	14.8%
	15.0%

	Class F
	　
	　
	　
	　
	　
	　

	Overall
	10.1%
	10.2%
	10.2%
	9.9%
	10.1%
	10.2%

	　
	10.1%
	10.3%
	10.5%
	9.9%
	10.2%
	10.3%


4 Conclusions

In this document, a slice-based adaptive controlling mechanism of max_bin_rate is proposed to control CABAC context coded bin parsing throughput. It’s recommended to set up CE to further investigate how to control CABAC parsing throughput, for example to harmonize with JCTVC-H0458 to achieve better balance between coding efficiency and parsing throughput.
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