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1 Introduction

Charter: To study buffering issues for a variety of applications taking into account the leaky bucket model and contribution VCEG-O45 for all applications.
2 Summary of Previous Buffering Related Contributions

Buffering has only recently begun to receive much attention.  At the Santa Barbara meeting of the VCEG, two contributions were reviewed, VCEG-N58 and VCEG-N68.  

VCEG-N58 represented an Enhanced Buffer Model based on multiple leaky buffers, showing that sending parameters representing more than one Hypothetical Reference Decoder (HRD) that could decode a bit stream provided more flexible transmission options than sending just one HRD model.  It was agreed by the group to adopt the multiple leaky buffer HRD for inclusion into the TML.  It was commented by the Rapporteur that the design should be consistent with MPEG-2 VBV rather than the H.263 HRD in terms of timing preservation.  It was also commented that buffering information should not go into the “video syntax” (meaning the VCL, I believe).

VCEG-N68 discusses the relation of hypothetical reference decoder and the maximum bit-rate defined in a particular profile and level. It shows that buffering of uncompressed frames (after decoding) is sometimes needed to guarantee playback at a correct pace and proposes that post-decoder buffering is taken into account when characterizing decoder’s buffering requirements.  It also discusses the relation of the hypothetical reference decoder and the maximum output frame rate defined in a particular level. It proposes that the frame or macroblock rate of the level in use should be taken into account when designing the H.26L HRD model.

In Pattaya, one further contribution was reviewed – VCEG-O45.  This contribution proposed a slice-oriented HRD, proposing that both memory limitations (using a post-decoder buffer) and processing complexity constraints be taken into account.  Proposes that processing speed is measured and limited both in terms of macroblocks per second and bits per second.  Further proposes that the operation of the post-decoder buffer is aligned with the operation of the multi-reference-picture buffer.

3 Buffering Related Activities Since Pattaya

3.1 HRD additions to TML document and reference code

A Hypothetical Reference Decoder section has been added to the TML 9.0 document (section 10).  This is based largely on VCEG-N58, the multiple-leaky-bucket approach to buffering.

Starting with TML 9.4, software related to this HRD approach has been added to the TML reference software.  On the decoder side, this software is contained in leakybucket.[ch] and consists mainly of a single function calc_buffer(), which calculates whether the decoder leaky bucket parameters as given in the input parameter data structure meets the HRD constraints specified by the encoder as embodied in a separate leaky bucket parameter file.  It does not verify whether the bit stream itself meets the constraints of the multiple HRDs.  

On the encoder side, the new software is also contained in leakybucket.[ch] and also has mainly a calc_buffer() function.  This function is called after the sequence has been encoded and seems to compute (for the pre-computed bit stream picture sizes) the minimum buffer size and initial delay of a number of HRDs, the number of HRDs and their rates being new inputs to the encoder program.  Thus this software constructs a set of valid HRDs by computing the minimum buffer size and initial fullness that contain the bit stream at the specified rates.

Additional useful HRD software would be an encoder rate control function, forcing the bit stream to comply with a set of completely pre-specified HRDs, and a decoder verifier, checking that a bit stream indeed is contained within the set of specified HRDs.

3.2 Reflector Discussions

A limited amount of good progress has been made on HRD issues.  Code and corresponding descriptive text have been added to the TML, and two new contributions for enhanced HRDs will be presented in Geneva.  A sporadically lively discussion was conducted over the ad hoc group’s e-mail reflector.

In Pattaya, a slice-oriented HRD that includes processing complexity constraints was presented (VCEG-O45).  In recent jvt-buffering reflector e-mails, interest has been expressed in adding such complexity-related constraints to the input buffering constraints in the current HRD.  Two contributions (JVT-B050, JVT-B089) along these lines have been registered to the Geneva meeting.  These are briefly reviewed in 3.3.

A journal paper [1] relating to the multiple-leaky-buffer approach was sent to the ad hoc group for review.

It was also suggested that remultiplexing and splicing are two functionalities that might influence the design of the HRD, but no concrete contributions have been made.

There has been some discussion of the connection between the representation of timing for 3:2 pulldown and the HRD, and one contribution for representing this information (although not pertaining directly to HRD) has been submitted to the Geneva meeting (JVT-B048).

Lately there have been some discussions of the relation between encoder buffer and decoder buffer points of view. Several people pointed out the duality between them.

3.3 Contributions Registered for Geneva

Two contributions for the Geneva meeting relate to the activities of the buffering ad hoc group.

JVT-B050   [Ribas+]       Including Complexity Constraint in HRD

JVT-B089   [Hannuksela]   Complexity-Constrained Generalized HRD

These two proposals seem very much aligned in spirit and in content.  They are briefly reviewed here.  Any mistakes or misrepresentations of the contributions in this report are the sole responsibility of the ad hoc chair, are caused either by his rushed attempt to include the summary in this report or his finite and dwindling intellectual capacity, and will be corrected at the meeting.  He humbly requests the forbearance and forgiveness of the authors of the contributions.

JVT-B050 builds upon the concepts discussed in VCEG-O45 and introduces a Video Complexity Verifier (VCV) model similar in some respects to the VBV model.  With this, an HRD is specified by the VBV and VCV operating in series.  The VCV receives pictures from the VBV pre-decoder buffer into a decoder buffer and decodes them, not infinitely fast, but at a specified rate, into a post-decoder buffer.  The decoder must be able to decode the pictures and present them at their intended presentation times, and neither the decoder buffer nor the post-decoder buffer may overflow at any time.  The VCV is characterized by four attributes representing the decoder computational power, presentation start-up delay, decoder buffer size, and post-decoder buffer size.  The contribution concludes with a series of appendices elaborating the operation of the VCV, including simulation results and presenting and algorithm for the computation of minimum presentation start-up delay, minimum decoder buffer size for a bit stream at a given level of computational capacity, and bound for post-decoder buffer size.

JVT-B089 combines the essential ideas from two earlier contributions, VCEG-N58 and VCEG-O45 together with some new aspects to form a Generalized HRD (GHRD).  A detailed description of the operation of the VCV is given.  A set of syntax with associated semantics for describing this GHRD, using Supplemental Enhancement Information, is included in the contribution.  This document attempts to deal with the fact that the Network Adaptation Layer (NAL) adds data to the transmitted stream by reserving a fixed number of extra bytes of pre-decoder buffer per slice.

Some attempt is made to consider the NAL in the syntax described in JVT-B089.

Both contributions start decoding immediately after the previous picture has been decoded if the data is available in the decoder buffer, rather than waiting until some transmitted decoding time.

One difference between the two proposals is that JVT-B089 seems to allow more flexibility in the specification of decoding and display times.  However, it appears that both proposals are consistent with a flexible approach to time stamps.
The following contributions registered to Geneva may relate indirectly to the activities of the buffering ad hoc group.  Only JVT-B048 and JVT-B049 are available at the time this document was prepared.  I make no attempt to review these here.

JVT-B048   [Chen+]        Supporting Film Mode in JVT Codec

JVT-B049   [MacInnis+]    Start Codes and Mapping to MPEG-2 Systems

JVT-B063   [Sullivan]     On Random Access and Bitstream Format

JVT-B088   [Hannuksela]   MPEG-2 Systems NAL

JVT-B092   [Etoh+]        Proposed Requirements on NAL Specification
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