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Abstract

This contribution reports Nokia’s results for CE1 Subtest D1 on high throughput binarization of transform coefficients. The intention of the test was to evaluate bitstream parsing throughput increase when coefficient binarization was done utilizing VLC-like approach inherited from HM 4.0 CAVLC. Additional results are provided for straight-forward bypass coding of the HM 5.0 CABAC binarized coefficient data symbols. The parsing throughput improvement was measured as reduction in number of bins coded with full context processing.  It is reported that the high throughput mode reduces the average number of context coded bins by 91 % in low QP range and 65 % in common conditions range. Whereas, direct bypass coding of HM 5.0 CABAC binarized data reduces the number of coded bins by 79 % in low QP range and 50 % in common conditions range. The effect of the proposed high throughput mode on objective compression efficiency is reported to vary from +3.3 % (RA_LC) to +6.2 % (RA_10) in common conditions simulations.
1 Introduction
It was noticed that on higher bitrates the portion of transform coefficient data has a dominant role in encoded bitstreams. Thus, in order to improve the worst case throughput we should provide the codec with a higher throughput alternative for transform coefficient data. In this experiment we have provided results for using HM 4.0 CAVLC coefficient coding as the binarization method for the coefficient related data elements. The method is intended to serve as the high throughput mode of HEVC and its use is proposed to be signaled at slice level (one bit identifier indicating if HM 5.0 binarization or the proposed high throughput alternative is used). Figure 1 illustrates the proposed entropy coding architecture.
The following modifications related to HTB are made to the Working Draft (JCTVC-G1103_d5). Actual text to be added can be found in the amended Working Draft text attached to this report.

1. Abbreviation HTB is added to “4. Abbreviations”.

2. New sub-section “6.5.1 Zig-zag scanning array initialization process” is added to section 6.5 and section “6.6 Scanning  order array initialization process” is modified to take into account zig-zag scan.

3. New functions decode_bypass_bins(n) and he(v) are added to section “7.2 Specification of syntax functions and descriptions”.

4. high_throughput_binarization_flag is added to “7.3.3 Slice header syntax”.

5. New subsections “7.3.11 Residual coding HTB syntax” and “7.3.12 Level and sign HTB syntax” are added under section 7.3.

6. New subsection “7.4.11 Residual coding HTB semantics” is added in 7.4.

7. New section “9.2 HTB parsing process for slice data” is added to chapter 9.

Figure 1: Proposed entropy coding architecture for CU decoding consisting of high efficiency binarization (HEB) and high throughput binarization (HTB) alternatives
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In addition we also provide results for a simplistic approach where the high throughput mode is enabled by bypass coding the HM 5.0 binarized coefficient data (referred to as “CABAC HTB”). In this mode the following syntax elements are bypass coded instead of using context based probability estimation:
1. significant_coeff_group_flag
2. significant_coeff_flag

3. coeff_abs_level_greater1_flag

4. coeff_abs_level_greater2_flag
2 Throughput improvements

The savings in number of bins going through full context based coding is reported in the tables below. The values for each QP and test configuration show the ratio of full context coded bins in high throughput mode versus those in the anchor, counting all the bins in the bitstream. The “Average” column shows the averages for each QP and the “Saving” column the reduction in the number of bins a decoder has to decode with full CABAC processing in HTB mode. The proposed approach reduces the number of coded bins by 91 % in the low QP range (QP 1 to 13) and 64 % in the common conditions range of QPs (QP 22 to 37). Similarly, the average worst cases savings are 92 % in the low QP range and 76 % in the common conditions range of QPs.
2.1 HTB binarization
Table 1: Summary of the throughput improvements provided by HTB with respect to the HM 5.0 anchor.

	QP
	AI_HE
	RA_HE
	LB_HE
	RA_10
	AI_LC
	RA_LC
	LB_LC
	Average
	Saving

	1
	4 %
	6 %
	6 %
	4 %
	4 %
	7 %
	8 %
	6 %
	94 %

	5
	6 %
	9 %
	8 %
	7 %
	5 %
	10 %
	10 %
	8 %
	92 %

	9
	7 %
	12 %
	11 %
	9 %
	7 %
	13 %
	13 %
	10 %
	90 %

	13
	8 %
	15 %
	15 %
	11 %
	8 %
	17 %
	17 %
	13 %
	87 %

	22
	13 %
	28 %
	29 %
	18 %
	13 %
	30 %
	30 %
	23 %
	77 %

	27
	18 %
	39 %
	42 %
	25 %
	17 %
	40 %
	42 %
	32 %
	68 %

	32
	24 %
	48 %
	54 %
	34 %
	23 %
	50 %
	53 %
	41 %
	59 %

	37
	32 %
	57 %
	64 %
	47 %
	31 %
	59 %
	64 %
	50 %
	50 %


Table 2: Summary of the worst-case throughput improvements provided by HTB with respect to the HM 5.0 anchor.

	QP
	AI_HE
	RA_HE
	LB_HE
	RA_10
	AI_LC
	RA_LC
	LB_LC
	Average
	Saving

	1
	4 %
	7 %
	7 %
	6 %
	4 %
	8 %
	8 %
	6 %
	94 %

	5
	5 %
	8 %
	8 %
	7 %
	5 %
	9 %
	9 %
	7 %
	93 %

	9
	5 %
	10 %
	10 %
	8 %
	5 %
	11 %
	11 %
	9 %
	91 %

	13
	6 %
	12 %
	12 %
	10 %
	6 %
	13 %
	13 %
	10 %
	90 %

	22
	10 %
	16 %
	17 %
	14 %
	10 %
	18 %
	19 %
	15 %
	85 %

	27
	14 %
	20 %
	21 %
	15 %
	13 %
	23 %
	24 %
	19 %
	81 %

	32
	19 %
	28 %
	30 %
	18 %
	18 %
	33 %
	33 %
	26 %
	74 %

	37
	26 %
	42 %
	47 %
	22 %
	25 %
	50 %
	51 %
	38 %
	62 %


2.2 “CABAC HTB” binarization

Similar results for the CABAC HTB are provided below. This approach utilizes direct bypass of HM binarized symbols and reduces the number of coded bins by 79 % in the low QP range (QP 1 to 13) and 50 % in the common conditions range of QPs (QP 22 to 37). Similarly, the average worst cases savings are 80 % in the low QP range and 64 % in the common conditions range of QPs.
Table 3: Summary of the throughput improvements provided by CABAC HTB with respect to the HM 5.0 anchor.

	QP
	AI_HE
	RA_HE
	LB_HE
	RA_10
	AI_LC
	RA_LC
	LB_LC
	Average
	Saving

	1
	16 %
	18 %
	19 %
	13 %
	17 %
	20 %
	21 %
	18 %
	82 %

	5
	19 %
	20 %
	21 %
	16 %
	19 %
	23 %
	23 %
	20 %
	80 %

	9
	21 %
	22 %
	22 %
	17 %
	22 %
	26 %
	26 %
	22 %
	78 %

	13
	23 %
	25 %
	25 %
	20 %
	24 %
	30 %
	29 %
	25 %
	75 %

	22
	29 %
	39 %
	38 %
	25 %
	32 %
	43 %
	42 %
	35 %
	65 %

	27
	35 %
	51 %
	52 %
	32 %
	38 %
	54 %
	54 %
	45 %
	55 %

	32
	42 %
	60 %
	63 %
	43 %
	45 %
	63 %
	64 %
	54 %
	46 %

	37
	50 %
	68 %
	72 %
	58 %
	53 %
	72 %
	74 %
	64 %
	36 %


Table 4: Summary of the worst-case throughput improvements provided by CABAC HTB with respect to the HM 5.0 anchor.

	QP
	AI_HE
	RA_HE
	LB_HE
	RA_10
	AI_LC
	RA_LC
	LB_LC
	Average
	Saving

	1
	16 %
	19 %
	19 %
	15 %
	16 %
	19 %
	19 %
	18 %
	82 %

	5
	17 %
	20 %
	19 %
	17 %
	17 %
	20 %
	21 %
	19 %
	81 %

	9
	19 %
	21 %
	22 %
	19 %
	19 %
	23 %
	23 %
	21 %
	79 %

	13
	20 %
	24 %
	24 %
	21 %
	21 %
	26 %
	26 %
	23 %
	77 %

	22
	26 %
	30 %
	28 %
	21 %
	27 %
	34 %
	32 %
	28 %
	72 %

	27
	32 %
	34 %
	31 %
	22 %
	33 %
	37 %
	37 %
	32 %
	68 %

	32
	38 %
	41 %
	40 %
	24 %
	39 %
	47 %
	46 %
	39 %
	61 %

	37
	44 %
	55 %
	59 %
	28 %
	46 %
	64 %
	64 %
	51 %
	49 %


3 Objective coding results

Tables below summarize the objective coding results both in common conditions (QPs 22, 27, 32 and 37) and at higher bitrates (QPs 1, 5, 9, 13). Numbers indicate the Bjontegaard delta bitrate increase for each tested configuration at the indicated QP range. Detailed results are provided in the attached Excel sheets.

Overall coding performance for the tested HTB and alternative “CABAC HTB” approach
	Normal QP
	ai_he
	ra_he
	lb_he
	ai_lc
	ra_lc
	lb_lc
	ra_10

	HTB
	5.1
	4.2
	3.8
	4.4
	3.3
	3.7
	6.2

	CABAC HTB
	6.8
	5.4
	6.9
	9.3
	7.0
	11.3
	6.5


	Low QP
	ai_he
	ra_he
	lb_he
	ai_lc
	ra_lc
	lb_lc
	ra_10

	HTB
	4.2
	9.3
	9.5
	3.8
	6.8
	6.6
	9.0

	CABAC HTB
	11.1
	7.0
	7.2
	10.7
	6.8
	6.7
	8.1


Overall encoding time for the tested HTB and alternative “CABAC HTB” approach

	Normal QP
	ai_he
	ra_he
	lb_he
	ai_lc
	ra_lc
	lb_lc
	ra_10
	Ave

	HTB
	100 %
	98 %
	98 %
	102 %
	97 %
	100 %
	97 %
	99 %

	CABAC HTB
	97 %
	99 %
	99 %
	96 %
	96 %
	101 %
	97 %
	98 %


	Low QP
	ai_he
	ra_he
	lb_he
	ai_lc
	ra_lc
	lb_lc
	ra_10
	Ave

	HTB
	115 %
	101 %
	102 %
	87 %
	93 %
	96 %
	103 %
	100 %

	CABAC HTB
	95 %
	94 %
	95 %
	92 %
	98 %
	96 %
	94 %
	95 %


Overall decoding time for the tested HTB and alternative “CABAC HTB” approach

	Normal QP
	ai_he
	ra_he
	lb_he
	ai_lc
	ra_lc
	lb_lc
	ra_10
	Ave

	HTB
	99 %
	101 %
	101 %
	99 %
	100 %
	102 %
	99 %
	100 %

	CABAC HTB
	100 %
	99 %
	99 %
	104 %
	99 %
	99 %
	99 %
	100 %


	Low QP
	ai_he
	ra_he
	lb_he
	ai_lc
	ra_lc
	lb_lc
	ra_10
	Ave

	HTB
	91 %
	93 %
	93 %
	88 %
	94 %
	94 %
	91 %
	92 %

	CABAC HTB
	96 %
	95 %
	95 %
	96 %
	95 %
	95 %
	95 %
	95 %


4 Conclusions

The benefits of the proposed approach can be summarized as follows:

· Removes the HEVC throughput bottleneck making it suitable for the lowest complexity use cases
· Reduces number of coded bins by 91 % in low QP range, 64 % in common conditions
· The complexity of CABAC with HTB is close to traditional CAVLC complexity as significant portion of the bitstream is coded in bypass mode
· Reduces the actual coded bins and context modeling significantly

· Uses bypass for the simplified bins

· Allows multiple bins to be decoded together
· Allows encoder to dynamically change the complexity/efficiency tradeoff
Both of the two alternatives for HEVC high throughput binarization provide significant parsing throughput improvement for HEVC bitstreams with moderate impact on coding efficiency. Thus, it is proposed to adopt one of the schemes for the next HEVC draft.
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