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Abstract

The purpose of this BoG group to discuss context reduction proposals F060, F132, F133, F148, F429, F455, F497, F606, F375, F288, which cover 15 syntax elements. Four meetings were held July 16, 17, 18, and 19.  
1 Companies participating

Qualcomm (J. Sole, W-J. Chien), HHI (T. Nguyen), Canon (C. Rosewarne), Beijing Tech. University (W. Ding), Panasonic (H. Sasai), MediaTek (Y-W. Hwang, T-D. Chuang), RIM (D. He, G. Martin-Cocher), Sony (C. Ayeung)
2 Discussion Notes
Discussed in Track B – afternoon - July 16, 2011

· remove neighbor dependency for alf_cu_flag from WD for CABAC (not in HM)

· Agreement: Remove neighboring (top and left) dependency for context selection of the following syntax elements: intra_chroma_pred_mode, merge_flag, ref_idx, mvd, no_residual_data_flag
· No resolved: removing neighbor (top and left) dependency for context selection of inter_pred_flag.  Proponent of F606 suggests using depth for context selection of inter_pred_flag instead of neighbors (top and left). 
2nd Meeting July 17, 2011

split_cu_flag --- F497 (Samsung) Q: does using depth for context selection affect parsing?  No, split flag checks depth of neighbors in current HM-3.0. F497 only check depth of current and left split. No reduction in context, but reduction in line buffer. Comment about additional function in WD.  Some loss (Luma 0.01 AI, 0.02 RA, LD 0.1, Chroma CB -0.03, -0.11, 0.19, Chroma CR 0, -0.15, 0.19) but improve by 0.1 compared to left only.  Majority of the loss for Class E in LD 0.4% (if left only 0.54%). Some support but concerns on class E.; Recommend: Decide based on integration with other recommend adoption.
skip_flag – F060 (MediaTek) Q: If checking LCU boundary complex? Need to know which LCU in frame when parsing.  But do we need to know where in LCU when parsing? Will need to know position within LCU if there are “any” neighboring dependency.  Thus, if there are any other syntax elements that have neighboring dependency, this LCU will not be an issue.  Results for skip_flag only left if outside of LCU need to be provided (currently on combined result); during 3rd meeting of BoG – proponents provided results for skip_flag only.   If all syntax elements don’t use line buffer; then no line buffer access need in CABAC.  However, an additional check is needed.  Proponent states that location within LCU will be known since it is necessary in order to determine when it reaches the boundary of a frame for split flag coding.  Some support asserted. Recommend: Decision pending whether there will be a line buffer in CABAC.  
inter_pred_flag – F606 (Qualcomm) - context selection only depends on depth (no context reduction). BD-rate: -0.08, -0.08. Gains in all Classes. Combined list always on, so no 2nd bin.  There is one increase in the number of contexts. Recommend: Adopt
cbf_cf, cbf_cb – F606 (Qualcomm) - for intra chroma uses neighbor, for inter chroma uses transform depth; F606 propose to use depth for inter & intra cbf_cr, cbf_cb. (4th meeting) members in committee confirm that it was mentioned that location of signaling order of cbf_cr, cbf_cb in RQT has been changed.  Recommend: Due to change in RQT to be discussed in group.
3rd Meeting July 18, 2011

mvd - F455 (HHI) - Q: question about number of bins – whether increase/decrease:  Proponent of F455 said it is at most the same or decreased.  Can support F423 (parallel context processing of mvd; grouping bypass bins).  No cross-check document.  There is support from the committee.  Decision pending cross-check.  Panasonic has volunteered to cross-check (completed F761 – match reported). (4th meeting) Question on sharing context between x/y for binIdx0. One sequence for RA-HE steam locomotive noted to have loss of 0.58; otherwise not other significant loss (0.1 at most).
cbf_luma – In F060 (MediaTek) and F429 (Panasonic) results were given for changes on both cbf_luma and cbf_cr, cbf_cb.  Request that results given for changes separately.
significant_coeff_flag - F132 (TI). Support form the committee. It was mentioned that F288 also changes significant_coeff_flag contexts in a different manner – may be compatible. F288 is reported to provide context reduction, and gains with reverse scan.  Suggest testing F132+F288 together. Recommend:  Revisit based on F288.  If F288 is adopted, reconcile F132.  If F288 not adopted, adopt F132.   
last_significant_coeff_x/y – F375 (Samsung) uses 19 contexts per component(x,y) and also reduced number of context coded bins by 50% by using bypass bins; overall reduction in bins; 
F148 (Beijing Tech. University) – Uses 17 contexts per component (x,y); need a table to remap binIdx to context; no systematic method of doing mapping. Large loss observed in class A (0.2%) – extrapolated from difference between two results provided that show combined with coefficient level and only coefficient level. 
Recommendation: Adoption of F375 – requires confirmation of context reduction. (4th meeting – reported context reduction 41 ( 31)  
coeff_abs_level_greater1_flag & coeff_abs_level_greater2_flag
F132 (TI) reduces number of contexts by 6 for coeff_abs_level_greater1_flag, by 12 coeff_abs_level_greater2_flag, with no change to context selection logic.  
F148 (Beijing Tech. University) reduces number of context by half (15 for coeff_abs_level_greater1_flag, by 15 for coeff_abs_level_greater2_flag); requires remapping of table (can potentially only use table for half of the contexts); Q: change in initialization? A: No, only remap.
Comment in general about reducing contexts on coeff_abs_level_greater1_flag and coeff_abs_level_greater2_flag.  Perhaps should check at low QP (at high bit-rates). (e.g. QP 12, 17, 22, 27); Also might want to check with RDOQ=off (can get anchor results in CE4).
Concern raised on dependencies of coeff_abs_level_greater1_flag and coeff_abs_level_greater2_flag on previously decoded bin; however, context calculation for coefficient level is noted to be simpler than significant_coeff_flag.
Recommend: run tests with low QP and RDOQ=off. Can be investigated in CE11.
4th Meeting July 19, 2011

Discussed mvd (F455), cbf_cf/cbf_cr (F606), split_cu_flag (F497) – see notes above in relevant syntax element sections for discussion.

3 Summary and Recommendations
Recommended adoptions:

F429- remove neighbors dependency for context selection for intra_chroma_pred_mode, merge_flag, ref_idx, mvd, no_residual_data_flag
F429/F133 – mvd (remove neighbors dependency for context selection of binIdx0)

F375– last_significant_coeff_x/y (change biniarization to reduce context coded bins)

F606 – inter_pred_flag (use depth to select context rather than neighbor top & left) 

Decision pending cross-check
F455 – mvd (two fixed contexts for binIdx0 and binIdx1, shared between x/y components; exp-golomb binarization =1 and bypass coding for other bins), and it is confirmed no confliction with F423 (the concatenation of bypass.).
Other contributions:

F148, F132 – coeff_abs_level_greater1_flag & coeff_abs_level_greater2_flag, test low QP and RDOQ=off in CE11 (exact configuration to be discussed in CE11)
F132/F288 – significant_coeff_flag; Revisit after F288 (detailed notes in discussion) If F288 is adopted, reconcile with F132. If F288 not adopted, adopt F132. (harmonized results for F132/F288 added to results section)
No Consensus
F497 – split_cu_flag (context selection based on depth rather than neighbors); some support but concerns on class E.
F606 - use depth to select context for on cbf_cr, cbf_cb for inter prediction (the associate changes (both RQT and context selection) were discussed at 2nd meeting. (concern raised regarding mismatch between SW and text noticed during integration 1) change to RQT, 2) change to RDOQ (at 4th meeting discussed that similar results are obtained without RDOQ change.)
Require additional results [July 20, 2011 – results for cbf_luma & cbf_chroma alone provided (see results section)]
F429 – cbf_luma (need to provide individual results) , For cbf_luma without neighbours, the Y BD-rate is 0.02/-0.03/-0.02 for AI/RA/LC, for cbf_luma with only left , the Y BD-rate is 0.01/-0.01/-0.04 for AI/RA/LC.
F060 – skip_flag (change applicable if only line buffer remaining in CABAC); cbf_luma (need to provide individual results). For cbf_luma, the Y BD-rate is 0.01/-0.02/-0.01 for AI/RA/LC. For cbf_chroma, the Y BD-rate is 0.01/-0.03/-0.01 for AI/RA/LC. 
Clarification on WD

remove neighbor dependency for alf_cu_flag from WD for CABAC (not in HM)
4 Results 
Combination of changes summarized below were integrated by T. Nguyen (HHI) who will also provided WD text. Results cross-checked by Samsung. Coding efficiency results are 0.06% AI, 0.01 RA, -0.10 LD for savings of 29 contexts. Line buffer size requirement reduced.
mvd (14 ( 2) , last_significant_coeff_x & y (41(31), merge_flag (3(1), intra_chroma_pred_mode (4(2), ref_idx (8(4), inter_pred_flag (3 ( 4), no_residual_data_flag (3(1)  
F429- remove neighbors dependency for context selection for intra_chroma_pred_mode, merge_flag, ref_idx, mvd, no_residual_data_flag
F429/F132 – mvd (remove neighbors dependency for context selection of binIdx0)

F375– last_significant_coeff_x/y (clarification of context reduction required)

F606 – inter_pred_flag (use depth to select context rather than neighbor top & left)
F455 – mvd (two fixed contexts for binIdx0 and binIdx1, shared between x/y components; exp-golomb binarization =1 and bypass coding for other bins) 

	 
	Intra

	
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	0.11 
	0.12 
	0.04 

	Class B
	0.09 
	0.07 
	0.12 

	Class C
	0.01 
	0.08 
	0.06 

	Class D
	0.00 
	0.08 
	0.07 

	Class E
	0.06 
	0.08 
	0.13 

	All
	0.06 
	0.09 
	0.08 

	Enc Time[%]
	101%

	Dec Time[%]
	103%

	
	
	
	

	 
	 
	Random access
	 

	
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	0.09 
	0.07 
	0.79 

	Class B
	0.05 
	0.13 
	0.18 

	Class C
	0.00 
	0.11 
	0.02 

	Class D
	-0.11 
	0.16 
	0.11 

	Class E
	 
	 
	 

	All
	0.01 
	0.12 
	0.27 

	Enc Time[%]
	100%

	Dec Time[%]
	98%

	
	
	
	

	 
	Low delay

	 
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	 
	 
	 

	Class B
	0.02 
	0.18 
	0.14 

	Class C
	-0.15 
	0.05 
	0.07 

	Class D
	-0.17 
	-0.13 
	-0.57 

	Class E
	-0.14 
	-0.97 
	-0.48 

	All
	-0.10 
	-0.15 
	-0.17 

	Enc Time[%]
	101%

	Dec Time[%]
	103%

	
	
	
	

	 
	Low delay P

	 
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	 
	 
	 

	Class B
	0.09 
	0.42 
	0.28 

	Class C
	-0.09 
	0.08 
	0.09 

	Class D
	-0.04 
	0.00 
	-0.44 

	Class E
	-0.01 
	-0.65 
	-0.55 

	All
	0.00 
	0.03 
	-0.10 

	Enc Time[%]
	101%

	Dec Time[%]
	100%


Additional results provided per request of BoG for cbf_luma and cbf_chroma

CBF (luma)

	
	F060 (left only if outside of LCU)
	F429 (left only)
	F429 (no left or top)
	

	 
	Intra
	All Intra HE
	All Intra HE

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y
	U
	V
	Y
	U
	V

	Class A
	0.01 
	-0.08 
	0.00 
	0.01 
	-0.01 
	0.04 
	0.01 
	0.06 
	0.15 

	Class B
	0.01 
	0.04 
	0.03 
	0.01 
	0.02 
	0.02 
	0.03 
	0.10 
	0.17 

	Class C
	0.00 
	0.02 
	0.02 
	0.00 
	0.03 
	0.04 
	0.01 
	0.14 
	0.19 

	Class D
	0.01 
	-0.01 
	0.04 
	0.02 
	-0.02 
	0.02 
	0.01 
	0.24 
	0.26 

	Class E
	0.01 
	-0.03 
	0.05 
	0.03 
	0.02 
	-0.02 
	0.02 
	0.23 
	0.19 

	All
	0.01 
	-0.01 
	0.02 
	0.01 
	0.01 
	0.02 
	0.02 
	0.15 
	0.19 

	Enc Time[%]
	#NUM!
	1.05
	0.97

	Dec Time[%]
	#NUM!
	1.03
	0.97

	
	
	
	
	
	
	
	
	
	

	 
	 
	Random access
	 
	Random Access HE
	Random Access HE

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y
	U
	V
	Y
	U
	V

	Class A
	-0.05 
	-0.17 
	-0.26 
	-0.04 
	-0.24 
	-0.21 
	-0.09 
	0.22 
	0.15 

	Class B
	-0.02 
	-0.02 
	0.10 
	-0.02 
	0.10 
	0.27 
	0.00 
	0.01 
	0.09 

	Class C
	0.00 
	0.23 
	0.04 
	-0.03 
	0.27 
	0.04 
	0.00 
	0.20 
	0.01 

	Class D
	-0.02 
	0.17 
	-0.02 
	0.04 
	0.01 
	-0.20 
	-0.02 
	0.01 
	0.15 

	Class E
	 
	 
	 
	 
	 
	 
	 
	 
	 

	All
	-0.02 
	0.05 
	-0.03 
	-0.01 
	0.04 
	-0.01 
	-0.03 
	0.11 
	0.10 

	Enc Time[%]
	#NUM!
	1.02
	0.96

	Dec Time[%]
	#NUM!
	1.04
	0.91

	
	
	
	
	
	
	
	
	
	

	 
	Low delay
	Low delay B HE
	Low delay B HE

	 
	Y BD-rate
	U BD-rate
	V BD-rate
	Y
	U
	V
	Y
	U
	V

	Class A
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Class B
	0.00 
	0.38 
	0.27 
	-0.03 
	0.26 
	-0.02 
	-0.02 
	0.28 
	-0.40 

	Class C
	-0.02 
	0.19 
	0.12 
	-0.03 
	0.27 
	0.13 
	-0.01 
	0.04 
	0.07 

	Class D
	-0.04 
	-0.17 
	0.10 
	-0.04 
	0.14 
	0.12 
	0.01 
	0.14 
	0.58 

	Class E
	0.02 
	-0.01 
	-0.26 
	-0.04 
	-0.32 
	0.42 
	-0.05 
	1.01 
	0.05 

	All
	-0.01 
	0.12 
	0.09 
	-0.04 
	0.12 
	0.14 
	-0.02 
	0.32 
	0.05 

	Enc Time[%]
	#NUM!
	1.01
	1.00

	Dec Time[%]
	#NUM!
	1.03
	1.00


CBF (chroma)

	
	F060 (left only if outside of LCU)
	F429 (left only)
	F429 (no left or top)
	F606 (depth dep + signalling)

	 
	Intra
	All Intra HE
	All Intra HE
	Intra

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V

	Class A
	0.01 
	-0.06 
	0.01 
	0.01
	0.05
	0.17
	0.01
	0.06
	0.15
	0.08
	-1.06
	-1.23

	Class B
	0.01 
	0.01 
	0.01 
	0.02
	0.07
	0.09
	0.03
	0.10
	0.17
	0.14
	-1.52
	-1.81

	Class C
	0.01 
	-0.01 
	0.03 
	0.00
	0.11
	0.13
	0.01
	0.14
	0.19
	0.03
	-0.63
	-0.61

	Class D
	0.01 
	-0.03 
	0.05 
	0.00
	0.21
	0.19
	0.01
	0.24
	0.26
	-0.07
	0.47
	0.76

	Class E
	0.00 
	-0.02 
	0.05 
	-0.01
	0.18
	0.18
	0.02
	0.23
	0.19
	0.10
	-2.35
	-1.58

	All
	0.01 
	-0.02 
	0.03 
	0.01
	0.12
	0.15
	0.02
	0.15
	0.19
	0.06
	-0.98
	-0.91

	Enc Time[%]
	101%
	1.05
	0.97
	#NUM!

	Dec Time[%]
	101%
	1.03
	0.97
	#NUM!

	
	
	
	
	
	
	
	
	
	
	
	
	

	 
	 
	Random access
	 
	Random Access HE
	Random Access HE
	 
	Random access
	 

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V

	Class A
	-0.09 
	0.06 
	-0.11 
	-0.05
	-0.17
	0.29
	-0.09
	0.22
	0.15
	0.07
	-1.00
	-1.54

	Class B
	-0.01 
	-0.02 
	0.06 
	0.01
	-0.04
	0.08
	0.00
	0.01
	0.09
	0.04
	-1.15
	-1.23

	Class C
	-0.02 
	0.10 
	-0.10 
	0.00
	0.09
	-0.10
	0.00
	0.20
	0.01
	0.01
	-0.20
	-0.35

	Class D
	-0.02 
	-0.06 
	-0.16 
	0.02
	0.16
	-0.16
	-0.02
	0.01
	0.15
	0.01
	0.18
	0.46

	Class E
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	All
	-0.03 
	0.02 
	-0.07 
	0.00
	0.01
	0.03
	-0.03
	0.11
	0.10
	0.04
	-0.58
	-0.70

	Enc Time[%]
	#NUM!
	1.02
	0.96
	#NUM!

	Dec Time[%]
	#NUM!
	1.04
	0.91
	#NUM!

	
	
	
	
	
	
	
	
	
	
	
	
	

	 
	Low delay
	Low delay B HE
	Low delay B HE
	Low delay

	 
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V

	Class A
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Class B
	-0.01 
	0.22 
	-0.15 
	-0.03
	0.34
	-0.05
	-0.02
	0.28
	-0.40
	0.01
	-0.35
	-0.53

	Class C
	-0.06 
	0.05 
	-0.17 
	0.01
	0.09
	-0.02
	-0.01
	0.04
	0.07
	0.00
	-0.55
	-0.42

	Class D
	-0.02 
	0.34 
	0.36 
	0.00
	-0.06
	0.20
	0.01
	0.14
	0.58
	0.00
	0.02
	0.25

	Class E
	0.04 
	1.01 
	1.08 
	0.14
	0.10
	-0.30
	-0.05
	1.01
	0.05
	-0.09
	-0.39
	-0.73

	All
	-0.01 
	0.36 
	0.20 
	0.02
	0.13
	-0.02
	-0.02
	0.32
	0.05
	-0.01
	-0.32
	-0.35

	Enc Time[%]
	#NUM!
	1.01
	1.00
	#NUM!

	Dec Time[%]
	#NUM!
	1.03
	1.00
	#NUM!


Combined results for F288/F132 vs. HM-3.0 anchor
	BD-rate
	All Intra HE

	
	Y
	U
	V

	Class A
	-0.46
	-0.49
	-0.64

	Class B
	-0.19
	-0.60
	-0.61

	Class C
	-0.20
	-0.43
	-0.42

	Class D
	-0.17
	-0.52
	-0.45

	Class E
	-0.19
	-0.88
	-0.78

	All
	-0.24
	-0.57
	-0.57

	Enc Time[%]
	94%

	Dec Time[%]
	#NUM!

	
	
	
	

	BD-rate
	Random access HE

	
	Y
	U
	V

	Class A
	-0.63
	-0.77
	-1.34

	Class B
	-0.09
	-0.83
	-0.45

	Class C
	0.02
	-0.58
	-0.70

	Class D
	0.00
	-0.75
	-0.72

	Class E
	 
	 
	 

	All
	-0.17
	-0.74
	-0.78

	Enc Time[%]
	97%

	Dec Time[%]
	#NUM!

	
	
	
	

	BD-rate
	Low delay HE

	
	Y
	U
	V

	Class A
	 
	 
	 

	Class B
	0.02
	-1.45
	-1.71

	Class C
	0.01
	-1.59
	-1.41

	Class D
	-0.19
	-2.09
	-1.72

	Class E
	-0.08
	-2.02
	-2.67

	All
	-0.06
	-1.75
	-1.82

	Enc Time[%]
	97%

	Dec Time[%]
	#NUM!


5 Other comments
General comment: Concerns were raised in regarding tradeoff between context reduction and coding efficiency (some contexts may have more gains than others).  
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