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1. Introduction

According to the Audio Codec verification plan in [1], STMicroelectronics has conducted the verification of the reference source code from the enhanced aacPlus (e-aacPlus) decoder.

The verification aims the following objectives:

· to verify that the algorithms are based on a fixed-point 16/32-bit arithmetic

· to verify that the reference source code is instrumented with the ETSI basic operators that are used  for the AMR and AMR-WB speech codecs and the AFE/X-AFE DSP codec.

· to verify that the instrumentation follows the rules from [2], with the tolerance described in Annex A.

2. Verification of the format of the C-code

The verification laboratory has verified the following items for both reference source codes:

· the source code of the e-aacPlus decoder compiles on a Linux platform, with GNU gcc version 3.2.3 and GNU make version 3.79.1,

· there is no obvious deviation from the ANSI-C standard that would prevent compliant ANSI-C compiler to compile the source code,

· the text of the specification document TS 26.411 matches the file tree structure delivered to the verification laboratory.

The verification laboratory has also verified that the only calls to external libraries that happened in the reference source codes were limited to:

· calls to libc: fwrite()/fread()/fseek() for file IO, printf()/fprintf() for command line text display, assert() for debug assertion.

· calls to libisomedia which is the library implementing the API for the 3GP file format

3. Verification of the usage of the fixed-point arithmetic

The verification laboratory has verified that the audio decoding algorithm implemented through the reference source C code does not make usage of any floating-point instructions. It was checked that the algorithm relies exclusively on a 16/32-bit arithmetic. Other types of arithmetic (32/32-bit arithmetic and floating point arithmetic) are emulated through the 16/32-bit instructions.

The verification laboratory believes that the source code provides a full bit-exact reference representation from the behavior of the audio decoding algorithm and therefore, that it is admissible for a bit-exact reference representation of the e-aacPlus decoder.

4. Verification of the instrumentation 

4.1 Objective

The verification laboratory has checked that the source code implements the basic operators and the instrumentation according to the rules described in [2] and Annex A. The primary objective is to ensure that the figures of complexity (wMOPs, stack depth) estimated at run time by the software decoder are comparable to the figures of complexity obtained from past exercises. 

In case of ambiguity, similar cases have been identified from the source code of one of the standardized 3GPP speech codecs (AMR, AMR-WB, AFE/X-AFE). Those cases are gathered in Annex B.

The secondary objective is to ensure that the source code can easily be ported on a DSP target by mapping basic operators or combination of basic operators onto the native intrinsic functions from the target platform.

4.2 General comments

The verification laboratory has mainly verified the functions that participate to the main loop of the decoding algorithm.

Therefore, the instrumentation of the functions corresponding to the initialization stages of the decoder were not carefully verified since those functions do not participate at all to the evaluation of the figure of complexity of the algorithm (but still, the bit-eaxctness and the fixed-point implementation were verified).

The verification laboratory reports also that the boundary between the file I/O operations that require to be instrumented and the file I/O operations that do not require to be instrumented is not very clear. In particular, the verification laboratory had no time to check whether the e-aacPlus decoder has defined the same borders as limits of the source code instrumentation than AMR-WB or AMR-WB+.

The verification laboratory reports also that the source code of e-aacPlus does not fully conform to the proposed usage of the step increment as detailed in section B.5.5 of Annex B. It exists cases where the increment is not a constant and the amount of iteration in the loop is not easy to obtain. Depending on the cases, the verification laboratory believes that the environment of such loop statements could be re-written in order to finally fulfill the step increment constraints; alternatively, those loop statements could be re-cast as software loops. In any case, the impact on the bit-exactness in null and the impact on the overall figure of complexity will not be significant.

4.3 e-aacPlus

4.3.1 List of files verified

	Directory
	Module name
	verified

	src/
	main.c
	OK

	
	fileifc.c
	OK

	
	spline_resampler.c
	OK

	etsiop_aacdec/
	aacdecoder.c
	OK

	
	streaminfo.c
	OK

	
	channelinfo.c
	OK

	
	stereo.c
	OK

	
	longblock.c
	OK

	
	shortblock.c
	OK

	
	pulsedata.c
	OK

	
	block.c
	OK

	
	pns.c
	OK

	
	imdct.c
	OK

	
	tns.c
	OK

	
	bitstream.c
	OK

	
	channel.c
	OK

	
	conceal.c
	OK

	
	datastream.c
	OK

	
	aac_ram.c
	OK

	
	aac_rom.c
	OK

	etsiop_sbrdeclib/
	env_dec.c
	OK

	
	aacpluscheck.c
	OK

	
	env_calc.c
	OK

	
	lpp_tran.c
	OK

	
	sbrdecoder.c
	OK

	
	sbr_dec.c
	OK

	
	sbr_crc.c
	OK

	
	hybrid.c
	OK

	
	ps_bitdec.c
	OK

	
	env_extr.c
	OK

	
	freq_sca.c
	OK

	
	ps_dec.c
	OK

	
	qmf_dec.c
	OK

	
	sbr_ram.c
	OK

	
	sbr_rom.c
	OK

	etsiop_bitbuf/
	bitbuffer.c
	

	etsiop_ffrlib/
	fft_32x32.c
	OK

	
	transcendent.c
	OK

	
	transcendent_enc.c
	OK

	
	intrinsics.c
	OK

	
	vector.c
	OK


Table 1: List of files that were verified

4.3.2  Comments

Based on the suggestions made by the verification laboratory, the instrumentation of the source code was slightly cleaned while keeping its bit-exact behavior. The resulting source code complies with the rules from [2] (apart from the double precision multiplication issue which is dealt in section 4.3.3). The tolerances from Annex A are used. In case of ambiguity, the suggestions from Annex B have been successfully applied (apart from the issue from Annex B.5.5 which was dealt in section 4.2). When new cases arose (switch/case statements, 32-bit unsigned arithmetic, arrays of 8-bit data), they were mostly instrumented following the suggestions from Annex C.

4.3.3 16x32 and 32x32 multiplication

The verification laboratory has noted that double precision multiplication is used. Such multiplication is difficult to simulate in full accuracy with the ETSI basic operators.

Apart for this workaround, the verification laboratory is not aware of any full precision 16x32 workaround used in 3GPP codecs and based on the ETSI basic operators.

The verification laboratory is aware of the workaround built in the AMR-WB source code and known as the DPF arithmetic. This workaround provides a 16x31 multiplication for 3 wops. It costs 5 wops in order to enter the DPF mode and costs 3 wops in order to exit the DPF mode.

The verification laboratory has noted that the e-aacPlus has built another workaround for the 16x31 multiplication based on a split in two arrays, LSB / MSB, from the double precision argument. It is believed that it exists a mean to re-organize the processing and the data storage that would validates the proposed implementation. It is understood that if such a code and data re-organization was provided as a reference source code, it would cause a significant workload for a developer to revert back to the original organization which exhibit natively the 16x31 multiplications and is easily mapped onto DSP intrinsic functions. 

Nevertheless, the current implementation does not exhibit such organization and therefore the verification laboratory can not state whether such workaround is valid. 
4.3.4 Conclusion

The verification laboratory feels confident that the source code of the e-aacPlus decoder can serve as a bit-exact reference of the algorithm. The verification laboratory draws the attention of the committee to the fact that the choice of the instrumentation of the 16x31 multiplication should be finalized. The verification laboratory thinks that the instrumentation of the source code is conformed to the expectation of a 3GPP reference source code.

4.4 General discussion

During the source code verification phase, the instrumentation of the source code was slightly cleaned while keeping a bit-exact behavior.

Regarding e-aacPlus, and more specifically the double precision multiplication, the verification laboratory recognizes that requesting from the source code to be clean enough so that the port on a DSP platform is straightforward (which is one of the objective targeted by the release of a reference source code) was in contradiction with the primary objective that requests an instrumentation which provides figures of complexity that scales smoothly between existing algorithms.

The verification laboratory understands that the nature of the audio codec technology (including the e-aacPlus decoder, but not only) relies heavily on the 16x31-bit multiplication. The metric of the ETSI basic operators is designed in a way that penalizes heavily the usage of the double precision multiplication because such features were not common on baseband DSP. As a matter of fact, algorithms based on speech coding technology do not use heavily this kind of arithmetic.

STMicroelectronics thinks that if the metric of the ETSI basic operator was modified in order to lessen the penalty of the double precision multiplication, then, first of all, it would not impact significantly the wMOPs score of the algorithm, even if it was re-written in order to replace the DPF arithmetic by plain 16x31 and 31x31 arithmetic; second, we believe that the design choices, that were introduced at the very beginning of the design of the AMR-WB and AMR-WB+, partially based on the metric that was available at that time (penalizing the double precision multiplication), would not have been made definitely different, if the metric had been different and the 16x31 and 31x31 arithmetic was not penalized.

STMicroelectronics believes that the audio decoders under study will not be implemented on platforms that do not provide a support for the double precision multiplication. Therefore, we support the idea that the reference source code exhibits facilities for implementing the algorithm on platform supporting double precision multiplication.
We understand that the wMOPS values obtained from the current ETSI basic operators would not scale properly from the AMR and AMR-WB to the e-aacPlus. 

We suggest the possible way forward:
· in the characterization report, the wMOPs score obtained from the reference source code is split in two values: the value that is directly due to the 16x31 and 31x31 arithmetic (i.e. the double precision multiplication) and the value that is due to everything else. From those two values, any manufacturer will be able to derive an actual figure of complexity that scales properly on its own platform.
· the reference source code provides (for instance through compilation flags) two alternative (but bit-exact) implementations:
· an implementation providing a source code fully based (but not necessarily optimised) for ETSI basic operators
· an implementation that allows a fast and efficient port for a DSP, where the 16x31 multiplication from the reference source code maps easily on the DSP intrinsic functions.

· 
· 
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