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Abstract

This document defines Core Experiment 1 (CE1) on entropy coding investigation, to be performed for the upcoming February 2012 JCT-VC meeting. The CE is divided into 4 subtests. In subtest A, experiments on modifications to the existing arithmetic coding engine will be conducted. In subtest B, different methods for 8-bit initializations of the CABAC context models will be tested. In subtest C, alternatives to the arithmetic coding probability model update will be explored. In subtest D, methods for increasing the throughput of CABAC will be explored.
1 Introduction
In the November 2011 JCT-VC meeting in Geneva, several changes to the arithmetic coding engine were proposed. Some of these proposals aimed to reduce the table size of the arithmetic coding engine whereas others aimed to improve the probability update mechanism. An 8-bit initialization for CABAC context models, investigated in CE1 in the previous cycle, was adopted. Some proposals investigated alternate 8-bit initializations as well as adaptive initializations at the slice level. Another proposal investigated ways of increasing the throughput of CABAC. These can be summarized as follows:

· CABAC engine improvements: G324 
· Context model initialization: G155, G837, G716, G633

· Alternative probability model update: G764, G326, G413, G547

· CABAC Throughput: G569, G833
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3 Description of tools

3.1 Subtest A

JCTVC-G324: "Modified LPS range and state transition tables for BAC", J. Sole, M. Karczewicz (Qualcomm)
This proposal modifies the binary arithmetic coder state machine to allow a slower probability adaptation process and the coding of more skewed binary distributions than the current state machine. Various reduction ratios of the range LPS table are analyzed.
(Cross-checker - Cisco)
3.2 Subtest B
Subtest B1: JCTVC-G155, "Non-CE1: On CABAC context initialization", C. Yeo, Y. H. Tan, Z. Li (I2R)
This contribution proposes a CABAC context initialization using a linear function of QP to compute the initial CABAC context state. A 4-bit value is used to specify the slope and a 4-bit value is used to specify the intercept. In this CE, this initialization model will be tested with trained contexts initialization parameters. Combinations with similar CABAC context initialization methods proposed in JCTVC-G633 and JCTVC-G837 will also be tested.

(Cross-checker - HHI)
Subtest B2: JCTVC-G633, "CE1: Report of test results related to PIPE-based Unified Entropy Coding", H. Kirchhoffer, B. Bross, A. Henkel, D. Marpe, T. Nguyen, M. Preiß, M. Siekmann, J. Stegemann, T. Wiegand (Fraunhofer HHI)
This contribution proposes 8-bit CABAC context initialization using a piecewise linear function. This was adopted into HM5.0. In this CE, different parameters for piece-wise linear interpolation proposed in JCTVC-G633 will be tested.
(Cross-checker – I2R, Qualcomm)
Subtest B3:  JCTVC-G837, "Non-CE1: 8-bit Initialization for CABAC", L. Guo, R. Joshi, J. Sole, X. Wang and m. Karczewicz (Qualcomm)

This contribution proposes an 8-bit initialization method for CABAC. Each context is assigned an 8-bit initialization value InitIdx which is composed of 4-bit SlopeIdx and 4-bit IntersecIdx. SlopeTable (16 elements) and IntersecTable (16 elements) are introduced to convert the SlopeIdx and IntersecIdx  to m, and n respectively,  and the initial CABAC state is calculated using a linear equation. In this CE, different tables will be tested, some of which can be replaced by a formula.   Combination of this method with JCTVC-G155 will also be tested.
(Cross-checker - HHI)
Subtest B4:  JCTVC-G716, "On CABAC Init IDC ", K. Misra and A. Segall (Sharp)

This contribution proposes modification of the cabac_init_idc indicator that is associated with CABAC initialization. In HEVC, cabac_init_idc is carried over from the H.264/AVC design but not well defined.  Specifically, the indicator appears in the HEVC WD but not in the HM software. This document proposes to define a meaning for this indicator. Compared to H.264/AVC, the proposed approach results in fewer tables available for CABAC initialization (reduced from seven to three). Additionally, the proposed approach allows different slice types to use the same table. Combination of this method with other technologies in Subtest B will be tested.

(Cross-checker - Panasonic)
3.3 Subtest C

This sub-test investigates trade-off between performance improvement and complexity for changing probability up-date model in CABAC. 
It is recommended that one to one mapping between HM5.0 8-bit initialization and high-precision probability should be used and reported. Additionally, if any re-training of initial probability values was performed, those results should be reported separately.
The following pseudo-code shows how to use the piece-wise linear functionality of the G633 8-bit initialization to do the mapping for a 12 bit high-precision probability value:

segOffset = [  770,  567,  374,  246,  162,  107,   70,   46 ]
accumulatedSegOffset = [ -385,  385,  952, 1326, 1572, 1734, 1841, 1911 ]
m = initSlopes[initValue>>4]
n = initValue & 15
val = max( 0, min( 3839, (n<<8) + m * (qp-26) + 128 ) )
val -= 1920
sgn = val >> 11
val = (val ^ sgn) + 128
segmentIdx = val >> 8
state = accumulatedSegOffset[segmentIdx] + ( (val&255) * segOffset[segmentIdx] >> 8 )
state =  2048 + (state^sgn) 

Input to the pseudo-code are qp and initValue, output of the process is a 12 bit variable, state.
Subtest C1: JCTVC- G326, "Non-CE1.b: On the exponential memory decay probability update", J. Sole and M. Karczewicz (Qualcomm)

Modifications to the exponential memory decay probability update function for CABAC are proposed in order to have a symmetric estimator that disallows highly skewed distributions. Further modifications include the replacement of the range multiplication by a series of shifts in order to largely reduce the size of the LPS table.
(Cross-checker - Samsung)
Sub-test C2: JCTVC-G413 "Modified probability update and table removal for multi-parameter CABAC update", C. Rosewarne, M. Maeda (Canon)
The contribution JCTVC-G413 by Canon is built on the multi-parameter CABAC contribution JCTVC-G764 from Samsung. JCTVC-G413 replaces a 288Kb look-up table with a 6-bit by 9-bit multiplier, with the product setting a threshold for subinterval division in the arithmetic coder. Restriction of the threshold is necessary to preserve a minimum sub-interval size at extreme probabilities. This is achieved by clipping the threshold at the lower end of the threshold range and restricting the probability model update (PMU) to restrict the probability and hence the upper end of the threshold range.
(Cross-checker - Samsung)
Sub-test C3: JCTVC-G547, "Non-CE1:Counter-based probability model update with adapted arithmetic coding engine", Jan Stegemann, Heiner Kirchhoffer, Detlev Marpe, Thomas Wiegand
This contribution presents a counter based probability model update algorithm for the usage with an adapted version of the M Coder of HEVC. The proposed method is closely related to JCTVC-G764 in conjunction with a concise design of the arithmetic coding engine but retaining the R-D performance improvements of employing sophisticated probability estimation.

(Cross-checker – Please refer to Table 1)
Sub-test C4: JCTVC-G764, "CE1 (subset B): Multi-parameter probability up-date for CABAC", Alexander Alshin, Elena Alshina, JeongHoon Park (Samsung)
Probability up-date in CABAC is modified here to use direct calculation assuming exponential memory decay instead of LUT. Window size in exponential memory decay model is chosen as a power of 2 in order to provide division-free probability up-date. Two variants will be studied: with single and multi-parameter PMU. In single parameter model memory size is increased compared to CABAC in order to provide more accurate prediction. Multi-parameter models use “short distance probability up-date” for predetermined number of bins after entropy reset and switches to semi-sum of two predictors after that.
(Cross-checker - Canon)
3.4 Subtest D

Subtest D1: JCTVC-G569, "Single entropy coder for HEVC with a high throughput binarization mode", J. Lainema, K. Ugur and A. Hallapuro (Nokia)
The aim of this proposal is to increase throughput of the CABAC coefficient coding. In high throughput mode, it utilizes CABAC bypass mode for all transform coefficient data and applies HM 4.0 CAVLC coefficient coding engine as the binarization method. In addition to the high throughput mode, the proposed method supports full HM CABAC coding engine, referred to as high efficiency binarization mode. There is a slice level indication identifying which binarization scheme is to be applied.

(Cross-checker - Cisco)
Subtest D2: JCTVC-G833, "Non-CE1: Adaptive initialization for CABAC with fixed probability contexts”, L. Guo, J. Sole, X. Wang, M. Karczewicz (Qualcomm).

This contribution proposes an adaptive initialization method for CABAC with fixed probability contexts. At the beginning of each slice, a context can be initialized in one of two ways. In one case, a context is initialized using pre-defined (m,n) values (i.e., original HM method), or initialized using a state value selected by the encoder. For each context, the encoder signals the selection of initialization method to the decoder as well as the new state value (if the second method is selected). No probability/state update is performed in the encoding/decoding process.
(Cross-checker - RIM)
4 Core experiment tasks

The objectives for this Core Experiment are to:

•
Specify the software platform, common software configurations and common test conditions for these experiments;

•
Evaluate compression efficiency and complexity of the various entropy coding methods studied in this CE;

•
Report the results and conclusions of these experiments.

5 Test conditions

The following test conditions shall be used for this CE:

5.1 Software

HM version 5.0 shall be used for these experiments, as specified in JCTVC-G1200.

5.2 Test configurations
Test configurations specified in JCTVC-G1200 will be used for this core experiment. In addition to the configurations specified in that document, Subtest D1 will be performed utilizing the same configuration with QP values of 1, 5, 9 and 13. For subtest B, in addition to QP values from the common conditions, QP values of 17 and 42 will also be tested. 
For subtest B2, the following tests are conducted. 



In tests 1-3, different parameters for piece-wise linear interpolation proposed in JCTVC-G633 are tested.

· Test 1: Linear: Initialization process should approximate a linear dependency between QP and probability
· Test 2: Exponential: Initialization process should approximate a linear dependency between QP and M coder states (for use with probability estimators where dependency between states and probability is linear)
· Test 3: Disabled: All line segments use the same slope. This corresponds to disabling the piece-wise linear interpolation.
For subtest C3, the following tools are tested:

· Four different tables for rangeTabLPS are specified: 32x8, 64x4, 32x4, and 16x8.
· For some tests, context model initializations are newly trained. This is indicated in the column "Training of initialization values" in Table 1.

The combinations as specified in the following table are tested according to Equation (1) of JCTVC-G547, but using 12 bits (instead of 15 bit) for the counter variable c (of each context model) and a windows size of 64, i.e., after the encoding or decoding of each bin b, the 12 bit counter c is updated as follows:
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valMPS and pStateIdx are derived as follows:
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The variable m is computed as m=11-log2(number of rows in rangeTabLPS).

Table 1 - Combinations to be tested for JCTVC-G547
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5.3 Test sequences

The test sequences as described in JCTVC-G1200 shall be used for these tests.

6 Evaluation Criteria

6.1 Compression efficiency

To obtain objective rate-distortion measurements, four point BD-Rate and BD-PSNR metrics shall be used to evaluate coding efficiency. Rates and PSNR values obtained for all test points shall be provided as well. Compression efficiency and encoder/decoder run time results shall also be reported with the common spreadsheet template that is being used for most JCT-VC contributions. The references for these computations shall be generated from the unmodified HM version 5.0 software.
For subtest B, additionally, QP values of 17 and 42 will be tested. Three different spreadsheets will be provided: low QPs (17, 22, 27, 32), normal QPs (22, 27, 32, 37) and high QPs (27, 32, 37, 42). BD-rates will be calculated for the 4 QP values contained in each spreadsheet. For subtest D1, in addition to the normal QPs, 4 lower QPs (1, 5, 7, and 9) shall be tested.
6.2 Computational complexity

Run times for the tests in Table 2 should be provided as shown in section 6.1. In addition, proponents are encouraged to provide additional complexity analysis voluntarily using measures such as arithmetic operations, memory requirements, hardware considerations (gate count, latency etc.).

6.3 Throughput

Subtest D1 will report additional throughput related information. For each sequence, at each QP, the following is reported both for the anchor and for the tested method:

1. Number of total bins / pixel
2. Number of bypass bins / pixel
3. Number of context coded bins / pixel
4. Maximum number of context coded bins / pixel in one picture within the sequence
5. In addition to sequence level data, a summary is to be provided averaging the items 1 – 3 separately for each QP within each test configuration. Similarly, item 4 above is provided for each QP within each configuration.
6.4 Additional factors
For subtests A and C, the proposals should provide analysis for the following factors:

· Number of operations for 1 bin decoding: multiplications (if any), additions, shifts, LUT accesses.
· Memory size increment for each context model
· Bit-width of calculation description
· Number of additional counters
7 Timeline


December 19, 2011: HM 5.0 available
December 21, 2011: Final CE1 description uploaded
January 2, 2011: Software distributed to all CE1 participants so cross-checking can begin

January 19, 2011 or earlier: Proponents report results to CE1 coordinators

January 20, 2011: Input documents uploaded
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