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***** CHANGE 1 *****

8.3
Conclusion

 The assumption when performing this work was that if all the following conditions are met:
* passing conformance criteria for encoder only;

* passing conformance criteria for decoder only;

* passing conformance criteria for encoder-decoder pair;

there should not be interoperability issues. 
No interoperability issue was found to contradict this approach, however if a counterexample was to be found, the gap would have to be addressed.
The way of debugging potential interoperability issue should be the same regardless if a floating-point or fixed-point implementation is used. If implementation #1 encoder with implementation #2 decoder yields artefact then each implementation should be checked against the reference code.

Adding the MOS-LQO verification to the conformance process allows to strengthen the interoperability testing as the implementation is evaluated not only with 3GPP floating-point reference code but also with 3GPP fixed-point reference code and the test coverage significantly increases using relevant material for voice communications.

***** CHANGE 2 *****
11 
Conclusions
In Clause 5 various methods are presented for assessing floating-point implementations. For decoder verification objective waveform comparison methods (RMS error, SNR, SD) were studied (Clause 5.2). For encoder verification perceptually based objective methods (MOS-LQO, loudness metric) were studied (Clause 5.3). 

In Clause 6 these methods have been tested with a total of more than 20 implementations using various compilers (gcc, clang, icc) and optimization levels, as well as code changes. In summary, the results show that these verification methods are able to discriminate between assumed correct implementations (no code changes, using only compiler optimization levels not impacting arithmetic behaviour) and assumed incorrect implementations (aggressive optimization levels, code changes). 

Decoder code changes proposed that created audio artefacts (Clause 6.4.1 & 6.5.1) could be correctly flagged by the decoder test (Clause 6.4.4 & 6.5.3) and the MOS-LQO verification test (Clause 6.4.3 & 6.5.2). Another decoder code change that created a signal modification without audible distortion was correctly flagged by the decoder test (Clause 6.3.3). 
There were no proposed encoder code changes to be verified.

Implementations using –fast optimization, which impact arithmetic behaviour, are flagged in the decoder test (6.3.2), MOS-LQO test (6.1.2 & 6.2.2) and encoder test (6.6).
Based on these results a possible conformance process was studied in Clause 7. It relies on passing the following three tests

· Decoder test based on signal metrics (RMS error, SNR, SD) described in Clause 5.2 to check closeness of the CUT decoder implementation with the TS 26.443 decoder.

· Encoder tests based on loudness metrics described in Clause 5.3.3 to check closeness of the CUT encoder implementation with the TS 26.443 encoder.

· MOS-LQO verification using POLQA described in Clause 5.3.2 to check closeness of the CUT implementation with the TS 26.442 implementation. This test also checks for potential interoperability issues as highlighted in Clause 8.
It is recommended to conduct normative work toward specifying a conformance process (including methods, thresholds and test vectors) in TS 26.444 based on the results presented in this technical report. Before a conformance process can be agreed, the following points will have to be finalized:

· Refinement of the conformance criteria in Clauses 5.2.6, 5.3.2.4 & 5.3.3.2 based on the latest reference code. The conformance process and criteria should be tight enough to avoid interoperability issues 

· Tools and conformance test vector availability to perform conformance tests

· Further verification of the loudness tool  

· Additional  testing including validation that more general code changes are properly detected
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