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1 Entropy coding AhG overview
The mandate of this AHG is as follows:

	Entropy coding (AHG9)

(jct-vc@lists.rwth-aachen.de)

· Study the entropy coding complexity and compression characteristics of CABAC, CAVLC, PIPE/V2V, and other entropy coding designs

· Consider the potential for harmonization of HE and LC entropy coding designs

· Characterize entropy coding throughput, memory, silicon area, power requirements, etc.

· Study interdependencies between entropy coding and other processes and the consequences of these interdependencies

· Study parallel context processing, syntax-element partitioning, and other parallelism approaches for entropy coding

· Study and develop approaches for hardware and software evaluation of entropy coding methods

· Identify and discuss additional issues on entropy coding
	M. Budagavi (chair),
G. Martin-Cocher, A. Segall, W. Wan (vice chairs)


2 Entropy coding related activity and emails

There was a kick-off message related to this AhG on the JCTVC reflector. There were no other email exchanges. Several AhG members interested in this area were actively participating in proposal/cross-verification of entropy coding within CE5 and CE11.
3 Entropy coding related contributions
There are several contributions to the Torino meeting that are related to the mandates of the Ad Hoc Group. They can be broadly categorized as follows:
· CE5 (CAVLC entropy coding improvements) related contributions
· CE11 (coefficient scanning and coding) related contributions
· CAVLC related contributions

· CABAC context reduction contributions
· Other CABAC contributions

· PIPE/V2V related contribution

· Contributions related to parsing dependencies between entropy coding and other processes
A summary of the contributions is provided below.
3.1 CE5 (CAVLC entropy coding improvements)
3.1.1 Proposals

	JCTVC-F025
	CE5: Summary report of Core Experiment on CAVLC entropy coding improvements
	X. Wang, P. Wu (CE coordinators)

	JCTVC-F390
	CE5: Simplification of transform coefficient coding in CAVLC
	Y. Yasugi, T. Yamamoto (SHARP)

	JCTVC-F408
	CE5: Run and level mode coding improvement in CAVLC
	S. Kim, J. Lee, S. Lee (Yonsei Univ.), J. Chen, J. Park (Samsung)

	JCTVC-F524
	CE5: Results on modified inter mode coding and joint coding of split flags for CAVLC
	A. Kotra, V. Drugeon, T. Wedi (Panasonic)


Bottom of Form

3.1.2 Cross-checks

	JCTVC-F345
	CE5: Cross-check report on modifications for inter mode and split flags coding in CAVLC (JCTVC-F524)
	K. Chono, H. Aoki (NEC)

	JCTVC-F404
	CE5: Cross-check of Yonsei Univ. and Samsung's proposal (JCTVC-F408)
	Y. Yasugi (SHARP)

	JCTVC-F409
	CE5: Crosscheck for Sharp's proposal (JCTVC-F390)
	J. Lee, S. Kim, S. Lee (Yonsei Univ.), J. Chen, J. Park (Samsung)


3.2 CE11 (coefficient scanning and coding) 

3.2.1 Proposals

	JCTVC-F031
	CE11: Summary report of Core Experiment on coefficient scanning and coding
	V. Sze, J. Chen, T. Nguyen, K. Panusopone, J. Sole (CE coordinators)

	JCTVC-F128
	CE11: Reduced neighboring dependency in context selection of significant_coeff_flag for parallel processing (JCTVC-E330)
	V. Sze, M. Budagavi (TI)

	JCTVC-F129
	CE11: Parallelization of HHI_TRANSFORM_CODING (Fixed Diagonal Scan)
	V. Sze, M. Budagavi (TI)

	JCTVC-F288
	CE11: Unified scans for the significance map and coefficient level coding in high efficiency
	J. Sole, R. Joshi, M. Karczewicz (Qualcomm)


Bottom of Form

3.2.2 Cross-checks

	JCTVC-F136
	CE11: Cross-check of Qualcomm's Unified scans for the significance map and coefficient level coding in high coding efficiency (JCTVC-E335 Part 2)
	V. Sze (TI)

	JCTVC-F149
	CE11: Cross-check of TI’s proposal on diagonal coefficient scans (JCTVC-F129)
	C. Yeo, Y. H. Tan (I2R)

	JCTVC-F185
	CE11: Cross-check result of TI proposal on context simplification of the significance map (JCTVC-F128).
	C. Rosewarne, M. Maeda (Canon)

	JCTVC-F293
	CE11: Cross-check of TI’s fixed diagonal scan (JCTVC-F129)
	J. Sole (Qualcomm)

	JCTVC-F311
	CE11.A: Cross checking of TI proposal JCTVC-E330 on context simplification of significance map
	C. Auyeung (Sony)

	JCTVC-F369
	CE11:Cross-check report for Qualcomm's proposal JCTVC-F288 part2
	H. Sasai, T. Nishi (Panasonic)

	JCTVC-F451
	CE11: Crosscheck - Reduced neighboring dependency in context selection of significant_coeff_flag for parallel processing (E330/F128)
	T. Nguyen

	JCTVC-F607
	CE11:Cross-check report for Qualcomm's proposal JCTVC-F288 part1
	J. Chen, V. Seregin (Samsung)


3.2.3 Other CE11 related contributions
	JCTVC-F134
	CE11.A: Cross checking of JCTVC-C227 and proposal on semantic, syntax, and implementation
	C. Auyeung (Sony)

	JCTVC-F597
	CE11: Hardware complexity of large zig-zag scan for level-coding of transform coefficients
	C. Auyeung, T. Suzuki (Sony)


3.3 CAVLC related contributions
3.3.1 Proposals
Table below also shows summary of BD-Rate savings of different proposals. Rows not shaded are luma BD-Rates and rows shaded yellow are chroma BD-Rates.
	
	
	
	AI
	RA
	LD

	JCTVC-F106
	CAVLC coding for Intra Pred mode 
	J. Park, B. Jeon (LGE)
	-0.2
	-0.1
	0

	JCTVC-F107
	Redundancy removal of residual information for CAVLC in merge 2Nx2N
	J. Park , B. Jeon (LGE)
	
	-0.1
	-0.1

	JCTVC-F123
	Updated CAVLC Tables of Intra Mode Coding with Separated DC and Planar
	M. Guo, X. Guo, S. Lei (MediaTek)
	-0.2
	
	

	JCTVC-F160
	CAVLC table-size reduction for Inter/chroma run-level coding
	T. Davies (Cisco)
	0
	0
	0

	JCTVC-F199
	A further improvement of inter prediction direction and reference frame index combined coding in CAVLC
	B. Li (USTC), J. Xu (Microsoft), H. Li (USTC)
	
	-0.2
	-0.2

	JCTVC-F286
	Redundancy removal for Run-mode in CAVLC
	J. Xu, A. Tabatabai (Sony)
	-0.1
	-0.1
	0

	JCTVC-F287
	Improvements on last nonzero position coding of 4x4 TU in CAVLC
	J. Xu, A. Tabatabai (Sony)
	-1.7
	-1.4
	-0.8

	JCTVC-F296
	Modifications for CAVLC RDOQ 
	M. Karczewicz, L. Guo, X. Wang (Qualcomm)
	-0.08
	-0.09
	-0.09

	JCTVC-F298
	Run-level Table Reduction for CAVLC 
	L. Guo, X. Wang , M. Karczewicz (Qualcomm)
	0
	-0.14
	0.03

	JCTVC-F395
	CAVLC Adaptation using Difference Counter
	T. Yamamoto (SHARP)
	0
	0
	0

	JCTVC-F406
	Coefficient coding in CAVLC
	S. Kim, J. Lee, K. Lim, S. Lee (Yonsei Univ.), J. Chen, J. Park (Samsung)
	
	
	

	JCTVC-F407
	Run-mode coding improvement with table reduction in CAVLC
	J. Lee, S. Kim, K. Lim, D. Pak, S. Lee (Yonsei Univ.), J. Chen, J. Park (Samsung)
	0
	-0.2
	0

	JCTVC-F458
	Improvement of CAVLC run- coding by prediction mode
	C. Kim, Y. Park (Samsung)
	-0.2
	-0.1
	0

	JCTVC-F466
	Handling for exception cases regarding to code-word larger than 32bit in CAVLC
	C. Kim, Y. Park(Samsung)
	0
	0
	0

	JCTVC-F467
	Improvement of CAVLC table adaptation for coefficient coding
	C. Kim, Y. Park (Samsung)
	-0.2
	-0.1
	-0.1

	JCTVC-F526
	CAVLC improvements
	Anand Kotra, Virginie Drugeon, Thomas Wedi (Panasonic)
	
	
	

	JCTVC-F543
	Tableless run-length coding for transform coefficients in CAVLC
	A. Hallapuro, J. Kang, J. Lainema, K. Ugur (Nokia)
	
	
	

	JCTVC-F608
	Removing Chroma Zonal Coding in CAVLC
	M. Karczewicz, X. Wang, W.-J. Chien, L. Guo (Qualcomm)
	0
	-0.1
	-0.2


3.3.2 Cross-checks
	JCTVC-F313
	Verification Results of run-level CAVLC table-size reduction (JCTVC-F160)
	E. Maani (Sony)

	JCTVC-F621
	Crosscheck report for Samsung's JCTVC-F458 on CAVLC run coding
	X. Wang (Qualcomm)

	JCTVC-F622
	Crosscheck report for Samsung's JCTVC-F466 on CAVLC long codeword handling
	X. Wang (Qualcomm)

	JCTVC-F623
	Crosscheck report for Samsung's JCTVC-F467 on CAVLC table adaptation
	X. Wang (Qualcomm)

	JCTVC-F635
	Crosscheck report for JCTVC-F407 on CAVLC run-mode coding from Yonsei Univ. and Samsung
	X. Wang (Qualcomm)


3.4 CABAC context reduction contributions
3.4.1 Proposals

Contributions below deal with CABAC context reductions. Attached spreadsheet (JCTVC-F009.xls) provides a comparison of various simplifications in the proposals.
	JCTVC-F060
	Reducing Line Buffers for Motion Data and CABAC
	T.-D. Chuang, C.-Y. Chen, Y.-W. Huang, S. Lei (MediaTek)

	JCTVC-F132
	Reduction in contexts used for significant_coeff_flag and coefficient level
	V. Sze (TI)

	JCTVC-F133
	Simplified MVD context selection (Extension of JCTVC-E324)
	V. Sze (TI), A. P. Chandrakasan (MIT)

	JCTVC-F148
	Context simplification for coefficients entropy coding
	X. Che, W. Ding, Y. Shi (Beijing Univ. Tech.)

	JCTVC-F429
	Modified Context Derivation for neighboring dependency reduction
	H. Sasai, T. Nishi (Panasonic)

	JCTVC-F497
	Simplified context model selection for block level syntax coding
	J. Chen, T. Lee (Samsung)

	JCTVC-F606
	Memory and Parsing Friendly CABAC Context
	W.-J. Chien, M. Karczewicz, X. Wang, (Qualcomm)


3.4.2 Cross-checks

	JCTVC-F650
	Crosscheck for Samsung's Context Model Selection in JCTVC-F497
	T.-D. Chuang, Y.-W. Huang (MediaTek)

	JCTVC-F658
	Crosscheck for TI's MVD Context in JCTVC-F133
	T.-D. Chuang, Y.-W. Huang (MediaTek)

	JCTVC-F672
	Cross-check of Panasonic’s proposal on modified context derivation for neighboring dependency reduction (JCTVC-F429)
	J. Sole (Qualcomm)

	JCTVC-F691
	Verification of JCTVC-F132: reduction of the number of CABAC contexts
	F. Bossen (DOCOMO USA Labs)


3.5 Other CABAC contributions
3.5.1 Proposals
	JCTVC-F046
	Efficient binary representation of cu_qp_delta syntax for CABAC
	K. Chono, H. Aoki (NEC)

	JCTVC-F059
	CABAC with Constrained Outstanding Bits
	T.-D. Chuang, C.-Y. Chen, Y.-W. Huang, S. Lei (MediaTek)

	JCTVC-F061
	CABAC with a Reduced LPS Range Table
	T.-D. Chuang, C.-Y. Chen, Y.-W. Huang, S. Lei (MediaTek)

	JCTVC-F131
	Modifications to slice header termination for low delay encoding
	V. Sze, M. Budagavi, A. Osamoto (TI)

	JCTVC-F177
	Fast bypass mode for CABAC
	R. Hattori, K. Sugimoto, S. Sekiguchi (Mitsubishi)

	JCTVC-F186
	Predicted neighbour for context selection of significant_coeff_flag for parallel processing
	C. Rosewarne, M. Maeda (Canon)



	JCTVC-F254
	Multi-parameter probability up-date for CABAC
	A. Alshin, E. Alshina (Samsung)

	JCTVC-F275
	Wavefront and Cabac Flush: Different Degrees of Parallelism Without Transcoding
	G. Clare, F. Henry, S. Pateux (Orange FT)

	JCTVC-F376
	Utilisation of CABAC equal probability mode for intra mode coding
	V. Seregin, I.-K Kim (Samsung)

	JCTVC-F399
	Restart of CABAC after coding of ALF and SAO slice header data
	M. Narroschke, T. Wedi, S. Esenlik (Panasonic)

	JCTVC-F423
	Modified MVD coding for CABAC
	H. Sasai, T. Nishi (Panasonic)

	JCTVC-F455
	Modified binarization and coding of MVD for PIPE/CABAC
	T. Nguyen, D. Marpe, H. Schwarz, T. Wiegand

	JCTVC-F593
	Improved CABAC Context Initialization
	K. Misra, A. Segall (Sharp)


3.5.2 Crosschecks
	JCTVC-F452
	Crosscheck - CABAC with Constrained Outstanding Bits (JCTVC-F059)
	T. Nguyen

	JCTVC-F453
	Crosscheck - CABAC with a Reduced LPS Range Table (JCTVC-F061)
	T. Nguyen

	JCTVC-F137
	Cross-check results of Panasonic’s Modified MVD coding for CABAC (JCTVC-F423)
	V. Sze (TI)

	JCTVC-F691
	Verification of JCTVC-F132: reduction of the number of CABAC contexts
	F. Bossen (DOCOMO USA Labs)

	JCTVC-F636
	Cross-check of JCTVC-F254: Multi-Parameter Probability Update for CABAC
	J. Zan, D. He (RIM)

	JCTVC-F668
	Cross-check results of Canon’s Predicted neighbour for context selection of significant_coeff_flag for parallel processing (JCTVC-F186)
	V. Sze (TI)

	JCTVC-F669
	Cross-check of Mitsubishi's Fast bypass mode for CABAC (JCTVC-F177)
	V. Sze (TI)

	JCTVC-F670
	Cross-check of Mediatek's Reducing Line Buffers for Motion Data and CABAC (JCTVC-F060)
	V. Sze (TI)


3.6 PIPE/V2V related contributions
3.6.1 Proposals

	JCTVC-F176
	Improved PIPE/V2F for low complexity entropy coding
	K. Sugimoto, R. Hattori, S. Sekiguchi, K. Asai (Mitsubishi)

	JCTVC-F268
	Unified PIPE-Based Entropy Coding for HEVC
	D. Marpe, H. Kirchhoffer, B. Bross, V. George, T. Nguyen, M. Preiß, M. Siekmann, J. Stegemann, T. Wiegand (Fraunhofer HHI)


Summary of BD-Rate results:
	 
	AI-HE
	RA-HE
	LB-HE
	AI-LC
	RA-LC
	LB-LC
	Comments

	JCTVC-F176
	 
	 
	 
	-3.9 
	-4.3 
	-3.2 
	Chroma loss between 6-16.7%

	JCTVC-F268
	0.3
	0.3
	0.2
	0
	0.5
	1.2
	Chroma loss between 8.6-17.4%


3.6.2 Cross-checks

	JCTVC-F284
	Cross-check of Mitsubishi Electric’s improved PIPE/V2F for low complexity entropy coding proposal JCTVC-F176
	J. Stegemann (Fraunhofer HHI)


3.7 Parsing dependencies between entropy coding and other processes
In HEVC, it is reported that there are parsing dependencies between entropy coding and other processes. For example, merge_idx and mvp_idx parsing (which is part of entropy decoding) requires full reconstruction of motion data (vectors, ref_idx, part_size, etc). This is asserted to reduce decoder speed (so-called parsing throughput issue, because now motion data reconstruction cannot run parallel to entropy decoding) and also makes bitstream very sensitive to corruption in temporal and spatial neighboring motion data (so-called parsing robustness issue, any error in motion data can cause parsing stop). 
There are 7 contributions that address parsing dependencies for inter coding and 3 contributions that address parsing dependencies for Intra coding. The inter coding contributions can be divided into two categories. All of them use truncated unary coding for merge_idx and mvp_idx coding, but the table size signaling is different,   F470, F068, F402, and F347 signal table size in slice header, while F474, F052 and F341 still use implicit signaling at PU level, but changed to using neighboring PU availability only, temporal MVP candidate is always assumed available in this so-called availability based method.  Methods of both categories make the motion data reconstruction independent of entropy decoding. 

The signaled table size (either fixed signaling at slice level  or availability based implicit signaling at PU-level) is oftentimes larger than actual merge/skip and AMVP list size of individual PUs. For example, if table size of 5 is signaled for merge_idx coding, then the following table will be used. If the actual MVP list size of a PU is 3 (marked in yellow) then the last two entries of the table go unused. The proposed methods add additional MVP candidates to fill the holes in the MVP list and make full use of the signaled table. The way of adding additional MVP candidates are different.

	MVP candidate
	Merge_idx
	Truncated unary coding

	(MVf0, MVb0)
	0
	0

	(MVf1, MVb1)
	1
	10

	(MVf2, MVb2)
	2
	110

	
	3
	1110

	
	4
	1111


3.7.1 Proposals
	JCTVC-F052
	 CE9: Results of Experiment ROB04
	J.-L. Lin, Y.-W. Chen, Y.-W. Huang, S. Lei (MediaTek)

	JCTVC-F068
	A study on HEVC parsing throughput issue
	M. Zhou, V. Sze, Y. Matsuba (TI)

	JCTVC-F341
	Decoder Performance Restrictions due to Merge/MVP Index Parsing
	T. Hellman, Y. Yu (Broadcom)

	JCTVC-F347
	A method of decoupling motion data reconstruction from entropy decoding 
	M. Zhou, V. Sze, Y. Matsuba (TI), T. Sugio, T. Nishi (Panasonic), J. Chen, T. Lee (Samsung), W. Wan, Y. Yu (Broadcom)

	JCTVC-F402
	MVP index parsing with fixed number of candidates
	J. Chen, T. Lee, I.-K. Kim (Samsung)

	JCTVC-F470
	Parsing Robustness for Merge/AMVP
	T. Sugio, T. Nishi (Panasonic)

	JCTVC-F474
	CE9: Description of experiments ROB01 and ROB02
	G. Laroche, P. Onno, T. Poirier, C. Gisquet (Canon)

	JCTVC-F378
	Intra mode parsing without access neighbouring information
	V. Seregin, T. Lee, J. Chen (Samsung)

	JCTVC-F459
	Parsing friendly intra mode coding
	W.-J. Chien, X. Wang, M.Karczewicz (Qualcomm)

	JCTVC-F550
	Removal of the parsing dependency of residual coding on intra mode
	J. Sole, Y. Zheng, W.-J. Chien, R. Joshi, X. Wang, M. Karczewicz (Qualcomm)


3.7.2 Crosscheck
	JCTVC-F074
	Cross-check of TI's study on HEVC parsing throughput issue JCTVC-F068
	B. Bross (Fraunhofer HHI)

	JCTVC-F090
	Cross-verification of Panasonic's proposal JCTVC-F470 on parsing robustness for merge/AMVP
	M. Zhou (TI)

	JCTVC-F212
	Cross-check of intra mode parsing (JCTVC-F378)
	J. Xu (Microsoft)

	JCTVC-F504
	Cross check of Samsung proposal on MVP index parsing with fixed number of candidates (F402)
	G. Laroche, Tangi Poirier (Canon)


4 Recommendations

The AhG recommends to review all relevant input contributions.
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