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Introduction
On April 29th, Ittiam has shared an initial version of fixed-point implementation for IVAS Decoder with 3GPP officials on 3GPP Forge: https://forge.3gpp.org/rep/sa4/audio/ivas-basop/-/releases/20240429_Ittiam_fixed_point_decoder_release .  A brief summary with the status of the code and the work in progress was given in [1].
The source has performed an evaluation of the reported functionality. In addition, a few general remarks are made.

Report of evaluated functionality
[bookmark: _Hlt166587180]The evaluation was carried out using the code available from the release page on 3GPP forge (https://forge.3gpp.org/rep/sa4/audio/ivas-basop/-/releases/20240429_Ittiam_fixed_point_decoder_release). Two sets of test vectors were used, a short test vectors set (available at https://forge.3gpp.org/rep/ivas-codec-pc/ivas-codec/-/tree/basop-ci-branch/scripts/testv) and a set with longer test signals (available at https://forge.3gpp.org/rep/ivas-codec-pc/ivas-pc-testfiles/-/tree/longer-testv-on-runners?ref_type=heads). For both sets of test vectors, the same evaluation procedure as reported in [1] was employed. The output of the fixed-point IVAS decoder is compared to the output of the floating point IVAS decoder. The bitstream inputs to both decoders are always generated using the baseline floating point IVAS encoder. Maximum Loudness Deviation (MLD) is used as a measure of difference between the two decoder outputs.

Short test vector set
For the short test vector set, no crashes of the fixed-point decoder were observed during the evaluation, i.e. the decoder successfully decodes all bitstreams and produces a valid audio output signal for all testcases. The following figure shows a histogram of the MLD values reported for the test set.
[image: ]
While most of the reported MLD values are relatively low, there are also cases with MLD values exceeding 50 and even 100. The corresponding numbers of testcases in each interval in the histogram are listed in the table below.
	MLD
	 < 1
	 [1,5)
	[5,10)
	[10,20)
	[20,50)
	[50,100)
	[100,150)

	Number of testcases
	43
	167
	87
	67
	18
	3
	3


 
The maximum MLD value observed for the short test vector set is 146.53. For the corresponding test vector signal, parts of the spectrograms of the output of the floating-point decoder (left) and the fixed point decoder (right) are shown below. In the fixed-point decoder output significant artifacts can be seen. Artifacts of similar severity can be observed for other testcases with high MLD values in the test set.
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Long test vector set
For the long test vector set, there were crashes of the fixed-point decoder observed, i.e. for a number of testcases the fixed-point decoder did not successfully decode the respective bitstream and prematurely ended the decoding due to e.g. an unrecoverable error. In total, the test suite consists of 387 testcases of which 97 resulted in such an error (approx. 25%). 
The following figure shows a histogram of the MLD values reported for the long test vector test set.
[image: ]
Here most of the reported MLD values are in the range of 20 to 50 with some testcases exceeding 50. Note that due to the crashes, the number of values differs from the histogram of the short test vector set above. The corresponding numbers of testcases in each interval in the histogram are listed in the table below.
	MLD
	< 1
	[1,5)
	[5,10)
	[10, 20)
	[20, 50)
	[50, 100)

	Number of testcases
	13
	59
	54
	60
	97
	7


The maximum MLD value observed for the long test vector set is 81.08. For the corresponding test vector signal, parts of the spectrograms of the output of the floating-point decoder (left) and the fixed point decoder (right) are shown below. In the fixed-point decoder output significant artifacts can be seen.
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General Remarks
Usage of short test vectors
As can be seen from the above analysis, the short test vectors do not suffice for a proper evaluation. From comparing the histograms one can clearly see that the picture of the performance of the decoder changes completely. Short test vectors are used in the CI framework mainly to quickly detect issues with the changes that are about to be merged. It is evident, to achieve better coverage and to ensure conformance to the floating-point code the long test vectors should be ultimately used.
Tools for verification
The MLD is a reliable tool to contribute in verifying conformance of the fixed-point code compared to the floating-point code, but it may not always reveal underlying issues. As studied in TR 26.843 [4] and documented in Annex A of TS 26.444 [2] the MLD tool has been used as an additional tool for encoder conformance (which is especially prone to larger differences due to different decision thresholds of e.g. fixed-point and floating-point implementations). Besides the MLD tool there are however typically multiple tools used to verify conformance of the code. The tools that are listed in [2] and [4] also include (besides the MLD tool):
· RMS Error Threshold
· Signal-to-Noise Ratio (SNR)
· Spectral Distortion
· P.863 (P.OLQA)
A complete validation of the conformance of the code should include evaluation using also these metrics, if applicable.
Floating-point dependencies
As reported by Ittiam in [1] but also in [3] remaining floating-point dependencies are still present in this release. Given that the code is not fully converted in fixed-point, it is not suitable for characterization testing.
Conclusion
An evaluation of the initial fixed-point release for the IVAS decoder has been conducted. The results indicate that for the selected test material, there are multiple test cases exhibiting significant deviations in quality when measured using the MLD tool, compared to the floating-point code. For some example cases with larger MLDs, the observed artifacts are quite salient and localised and most likely stem from remaining bugs in the fixed-point code rather than from differences between floating-point and fixed-point code due to precision differences, which are expected to be minimal.  Furthermore, for longer test vector signals, the fixed-point decoder encountered several crashes, rendering it unable to decode specific bitstreams.
Given the findings, the source concludes that the released decoder fixed-point code is not ready to be tested in IVAS Characterization Phase testing. 
In addition, the source asks to take the general remarks on validation testing into account.
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