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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 extended AMR-WB (AMR-WB+) 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 AMRWB+ decoder compiles on MSVC,

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

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, malloc()/free() for memory allocation at the initialization stage of the decoder.

· 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 AMR-WB+ 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-exactness 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 AMR-WB+ decoder has defined the same borders as limits of the source code instrumentation than AMR-WB or e-aacPlus.

The verification laboratory reports also that the source code for AMRWB+ 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 AMRWB+

4.3.1 List of files verified

	File name
	verified

	common_fx/ALF_emph_fx.c
	OK

	Common_fx/bits_p_fx.c
	OK

	common_fx/Bitstream_fx.c
	OK

	common_fx/decim12k8_fx.c
	OK

	common_fx/bits_p_fx.c
	OK

	common_fx/fft3_fx.c
	OK

	common_fx/fft9_fx.c
	OK

	common_fx/gaintcx_fx.c
	OK

	common_fx/hf_func_fx.c
	OK

	common_fx/int_lpc_p_fx.c
	OK

	common_fx/join_split_fx.c
	OK

	common_fx/overs12k8_fx.c
	OK

	common_fx/q_gn_hf_fx.c
	OK

	common_fx/q_isf_hf_fx.c
	OK

	common_fx/r_fft_fx.c
	OK

	common_fx/re8_dec_fx.c
	OK

	common_fx/Re8_dic_fx.c
	

	common_fx/re8_ppv_fx.c
	OK

	common_fx/Re8_util_fx.c
	OK

	common_fx/read_dat_fx.c
	OK

	common_fx/rnd_ph16_fx.c
	OK

	common_fx/tables_plus_fx.c
	

	common_fx/tables_stereo_fx.c
	OK

	common_fx/util_plus_fx.c
	OK

	common_fx/util_stereo_x_fx.c
	OK

	common_fx/wavefiletools_fx.c
	OK

	common_fx/writ_dat_fx.c
	OK

	decoder_fx/avq_dec_fx.c
	OK

	decoder_fx/bass_pf_fx.c
	OK

	decoder_fx/d_gain2p_fx.c
	OK

	decoder_fx/d_isf_2s_fx.c
	OK

	decoder_fx/dec_ace_fx.c
	OK

	decoder_fx/dec_cp_state_fx.c
	OK

	Decoder_fx/dec_hf_fx.c
	OK

	Decoder_fx/dec_if_fx.c
	OK

	Decoder_fx/dec_lf_fx.c
	OK

	decoder_fx/dec_main_s_fx.c
	OK

	decoder_fx/dec_prm_fx.c
	OK

	decoder_fx/dec_tcx_fx.c
	OK

	decoder_fx/dec_wbplus_fx.c
	OK

	decoder_fx/Scale_dec_fx.c
	OK

	decoder_fx/tcx_ecu_fx.c
	OK

	stereo_fx_eks/d_stereo_x_fx.c
	OK

	stereo_fx_eks/dec_hi_stereo_fx.c
	OK

	stereo_fx_eks/dec_tcx_stereo_fx.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]. 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, 16-bit unsigned arithmetic), they were mostly instrumented following the suggestions from Annex C.

4.3.3 Conclusion

The verification laboratory feels confident that the source code of the AMRWB+ decoder can serve as a bit-exact reference of the algorithm. The verification laboratory thinks that the instrumentation of the source code is conformed to the expectation of a 3GPP reference source code.
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