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***** CHANGE 1 *****
5.3.2 MOS-LQO Validation

5.3.2.1 
General Methodology

EVS floating point standard has been validated using comparison of MOS-LQO scores between the fixed point implementation and the floating point implementation for various combinations of encoder / decoder [4]. The same methodology could be used to assess EVS floating-point implementations. For this validation, four combinations of encoder/decoder are used (3GPP EVS encoder/decoder executables are taken from TS 26.442): 

a): 3GPP fixed-point encoder and 3GPP fixed-point decoder (FX/FX),

b): floating-point Encoder under Test and floating-point Decoder under Test (FL/FL),

c): 3GPP fixed-point encoder and floating-point Decoder under Test (FX/FL), 

d): floating-point Encoder under Test and 3GPP fixed-point decoder (FL/FX)
The MOS-LQO scores are computed for each of the four cases using the decoded files and the original test files.

The test files are based on P.501 Annex D to be compliant with POLQA tool. 30 files representing various talkers and languages are used for each test conditions, and the average MOS-LQO scores are reported.

When using POLQA, one need to be aware of limitation of the current tool. Annex A highlights some issues that could be relevant to the conformance process. 

As the EVS extensive subjective test reported in TR 26.952 has been carried out using the fixed point implementation, the average MOS-LQO score obtained for scenario a) is considered the reference score. For the three other scenarios (b, c and d), the difference in MOS-LQO of a) are then computed,

a) – b)

a) – c)

a) – d)
The difference a) – b) assesses the encoder + decoder floating-point implementation, the difference a) – c) assesses the decoder implementation and a) – d) assesses the encoder implementation.

Figure 4 represents the flow diagram to obtain the MOS-LQO in the various scenario.
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Figure 4: Flow diagram to obtain the MOS-LQO in the three scenario

5.3.2.2 Test Cases
The differences are computed for various test conditions:

All the codec modes of EVS

All the bandwidths of EVS

All the bit-rates of EVS, including bit-rate switching

DTX ON and OFF

Various levels: -26dB, -36dB, -16dB

Various noise conditions

Various impairment conditions

The files have been processed according to EVS-7c (EVS processing plan) for the various test conditions [5].
In all, 941 test conditions are assessed, representing 225,600 second of speech, or a little bit more than 62 hours.

5.3.2.3 Scores Reporting and Analysis
The score difference for all the test conditions could be reported using template shown in Table 4

Table 4: Template for result presentation

	Input signal
	Bandwidth
	Bit rate
	DTX
	Level
	FER/Profile
	 a) – b) 
	 a) – c) 
	 a) – d) 

	clean speech, noisy speech, mixed/music
	NB, WB, SWB, or FB
	e.g. 7,2
	off or on
	-26, -16, or -36 dBov
	No errors, 3%, 6%, or JBM profiles
	MOS-LQO(FX/FX) - MOS-LQO(FL/FL)
	MOS-LQO(FX/FX) - MOS-LQO(FX/FL)
	MOS-LQO(FX/FX) - MOS-LQO(FL/FX)


The distribution of the difference for the decoder under test should be similar to the distribution of the floating point standard decoder.

The histogram of the MOS-LQO difference can be plotted for the three scenarios (a)-b), a)-c), a)-d)). 

One way of assessing the distribution is to look at the mean, standard deviation, 95% percentile and maximum value.

Another option is to plot the Cumulative Distribution Frequency (CDF) of the MOS-LQO difference. In this case the absolute difference is used.

5.3.2.4 Thresholds and Criteria
From the MOS-LQO differences of the test condition reported in clause 5.3.2.3, the average, 95%, 99% and Maximum are computed for all bandwidths combined, as well as for each set of bandwidth condition. The number of test condition for each bandwidth and the total are summarized in table 5.
Table 5: Number of test conditions per bandwidth
	Bandwidth
	NB
	WB
	WBIO
	SWB
	FB
	All

	Number
	136
	236
	216
	192
	161
	941


For a possible conformance criteria, it is proposed to have thresholds on the Average, 95%,  99% and Maximum of the MOS-LQO differences for the three scenarios (A-B, A-C and A-D). Thresholds are defined for all conditions combined, as well as for each set of bandwidth condition. Table 6 summarizes the various thresholds.
An implementation will be considered passing the MOS-LQO verification if all the average, 95 percentile, 99 percentile and maximum MOS-LQO differences are below the thresholds proposed in table 6 for all conditions.
Table 6: Possible thresholds for MOS_LQO difference

	All
	Average
	95%
	99%
	Max

	A-B
	0.002
	0.04
	0.07
	0.12

	A-C
	0.002
	0.02
	0.04
	0.06

	A-D
	0.002
	0.04
	0.08
	0.17

	NB
	Average
	95%
	99%
	Max

	A-B
	0.009
	0.07
	0.08
	0.11

	A-C
	0.002
	0.02
	0.04
	0.06

	A-D
	0.011
	0.07
	0.09
	0.12

	WB
	Average
	95%
	99%
	Max

	A-B
	0.002
	0.04
	0.07
	0.08

	A-C
	0.002
	0.02
	0.04
	0.06

	A-D
	0.002
	0.04
	0.07
	0.17

	WBIO
	Average
	95%
	99%
	Max

	A-B
	0.002
	0.02
	0.06
	0.08

	A-C
	0.002
	0.02
	0.03
	0.07

	A-D
	0.002
	0.02
	0.03
	0.08

	SWB
	Average
	95%
	99%
	Max

	A-B
	0.002
	0.04
	0.06
	0.12

	A-C
	0.003
	0.03
	0.04
	0.04

	A-D
	0.002
	0.04
	0.07
	0.08

	FB
	Average
	95%
	99%
	Max

	A-B
	0.006
	0.04
	0.07
	0.08

	A-C
	0.005
	0.04
	0.05
	0.06

	A-D
	0.005
	0.04
	0.06
	0.08


These proposed thresholds have been obtained by using the good implementations tested in Clause 6:

· EVS C80 Reference code

· EVS C90 Reference code

· EVS C80 code compiled for Atom 32 bits platform using icc without optimization 

· EVS C80 code compiled for Atom 32 bits platform using icc with normal optimization level 

· EVS C90 code compiled for Mac_OS 64bits using clang with –o2 optimization

· EVS C90 code compiled for Xeon 64 bits platform using gcc with –o2 optimization 
For each case the maximum score difference among the six implementations, rounded to higher digit, was used. For average the threshold is rounded to the 3rd next digit (e.g. 0.0082 -> 0.009), and for the other metrics the threshold is rounded to the 2nd next digit (e.g. 0.036 -> 0.04). The statistics for each of the 6 implementations are presented in Table 7.
Table 7: Statistics of MOS-LQO difference
	All
	A-B
	A-C
	A-D

	A-B
	Avg
	95%
	99%
	Max
	Avg
	95%
	99%
	Max
	Avg
	95%
	99%
	Max

	3GPP C80 
	0.001
	0.034
	0.061
	0.108
	0.001
	0.020
	0.035
	0.061
	0.001
	0.036
	0.059
	0.114

	3GPP C90
	0.001
	0.036
	0.061
	0.082
	0.001
	0.020
	0.036
	0.063
	0.001
	0.037
	0.064
	0.083

	Opt_None
	0.001
	0.034
	0.059
	0.120
	0.001
	0.020
	0.035
	0.061
	0.000
	0.034
	0.057
	0.081

	Opt_Quality
	0.001
	0.036
	0.064
	0.109
	0.001
	0.018
	0.035
	0.056
	0.001
	0.034
	0.075
	0.162

	Xeon gcc_o2
	0.000
	0.036
	0.062
	0.081
	0.001
	0.019
	0.036
	0.063
	0.001
	0.037
	0.064
	0.083

	Mac_OS_o2
	0.001
	0.036
	0.062
	0.082
	0.001
	0.019
	0.036
	0.063
	0.001
	0.038
	0.065
	0.083

	NB
	A-B
	A-C
	A-D

	A-B
	Avg
	95%
	99%
	Max
	Avg
	95%
	99%
	Max
	Avg
	95%
	99%
	Max

	3GPP C80 
	0.007
	0.051
	0.072
	0.108
	0.002
	0.020
	0.033
	0.046
	0.010
	0.057
	0.075
	0.114

	3GPP C90
	0.008
	0.054
	0.074
	0.082
	0.001
	0.014
	0.033
	0.055
	0.011
	0.061
	0.074
	0.080

	Opt_None
	0.006
	0.050
	0.060
	0.075
	0.002
	0.020
	0.034
	0.038
	0.007
	0.053
	0.068
	0.081

	Opt_Quality
	0.008
	0.062
	0.079
	0.109
	0.001
	0.013
	0.033
	0.048
	0.011
	0.065
	0.081
	0.103

	Xeon gcc_o2
	0.008
	0.054
	0.073
	0.081
	0.001
	0.013
	0.033
	0.055
	0.010
	0.061
	0.075
	0.079

	Mac_OS_o2
	0.008
	0.054
	0.078
	0.082
	0.001
	0.013
	0.038
	0.055
	0.011
	0.061
	0.079
	0.080

	WB
	A-B
	A-C
	A-D

	A-B
	Avg
	95%
	99%
	Max
	Avg
	95%
	99%
	Max
	Avg
	95%
	99%
	Max

	3GPP C80 
	-0.001
	0.038
	0.062
	0.071
	-0.001
	0.014
	0.031
	0.055
	0.001
	0.039
	0.054
	0.059

	3GPP C90
	-0.003
	0.030
	0.053
	0.061
	0.000
	0.017
	0.033
	0.056
	-0.001
	0.035
	0.059
	0.083

	Opt_None
	-0.001
	0.031
	0.053
	0.064
	-0.001
	0.014
	0.031
	0.059
	0.000
	0.037
	0.057
	0.064

	Opt_Quality
	0.000
	0.032
	0.047
	0.071
	-0.001
	0.016
	0.033
	0.056
	-0.002
	0.028
	0.057
	0.162

	Xeon gcc_o2
	-0.003
	0.031
	0.054
	0.065
	0.000
	0.018
	0.034
	0.055
	-0.001
	0.033
	0.059
	0.083

	Mac_OS_o2
	-0.003
	0.029
	0.055
	0.059
	0.000
	0.016
	0.036
	0.056
	-0.001
	0.035
	0.062
	0.083

	WBIO
	A-B
	A-C
	A-D

	A-B
	Avg
	95%
	99%
	Max
	Avg
	95%
	99%
	Max
	Avg
	95%
	99%
	Max

	3GPP C80 
	-0.004
	0.014
	0.043
	0.061
	0.000
	0.009
	0.020
	0.061
	-0.004
	0.006
	0.023
	0.044

	3GPP C90
	-0.002
	0.016
	0.038
	0.063
	0.000
	0.011
	0.024
	0.063
	-0.002
	0.010
	0.023
	0.038

	Opt_None
	-0.003
	0.017
	0.048
	0.063
	0.000
	0.011
	0.022
	0.061
	-0.003
	0.008
	0.023
	0.063

	Opt_Quality
	-0.003
	0.013
	0.052
	0.075
	0.000
	0.010
	0.017
	0.052
	-0.002
	0.010
	0.021
	0.075

	Xeon gcc_o2
	-0.002
	0.015
	0.038
	0.063
	0.000
	0.011
	0.025
	0.063
	-0.002
	0.010
	0.023
	0.038

	Mac_OS_o2
	-0.002
	0.015
	0.038
	0.063
	0.000
	0.010
	0.026
	0.063
	-0.002
	0.010
	0.023
	0.038

	SWB
	A-B
	A-C
	A-D

	A-B
	Avg
	95%
	99%
	Max
	Avg
	95%
	99%
	Max
	Avg
	95%
	99%
	Max

	3GPP C80 
	0.000
	0.027
	0.050
	0.080
	0.002
	0.023
	0.034
	0.036
	-0.002
	0.022
	0.046
	0.076

	3GPP C90
	-0.001
	0.035
	0.048
	0.071
	0.002
	0.022
	0.031
	0.037
	-0.003
	0.034
	0.060
	0.076

	Opt_None
	0.000
	0.029
	0.059
	0.120
	0.002
	0.023
	0.034
	0.037
	-0.002
	0.032
	0.062
	0.062

	Opt_Quality
	0.000
	0.032
	0.047
	0.084
	0.002
	0.021
	0.032
	0.037
	0.000
	0.025
	0.047
	0.075

	Xeon gcc_o2
	-0.002
	0.036
	0.048
	0.071
	0.002
	0.022
	0.030
	0.036
	-0.003
	0.034
	0.060
	0.076

	Mac_OS_o2
	-0.001
	0.034
	0.046
	0.071
	0.002
	0.022
	0.030
	0.037
	-0.003
	0.033
	0.059
	0.076

	FB
	A-B
	A-C
	A-D

	A-B
	Avg
	95%
	99%
	Max
	Avg
	95%
	99%
	Max
	Avg
	95%
	99%
	Max

	3GPP C80 
	0.005
	0.034
	0.057
	0.060
	0.003
	0.030
	0.038
	0.041
	0.004
	0.029
	0.053
	0.066

	3GPP C90
	0.005
	0.036
	0.060
	0.072
	0.004
	0.029
	0.038
	0.040
	0.004
	0.035
	0.060
	0.062

	Opt_None
	0.003
	0.032
	0.053
	0.061
	0.004
	0.031
	0.038
	0.041
	0.002
	0.022
	0.045
	0.070

	Opt_Quality
	0.004
	0.036
	0.065
	0.077
	0.004
	0.029
	0.043
	0.056
	0.004
	0.030
	0.052
	0.075

	Xeon gcc_o2
	0.005
	0.035
	0.060
	0.072
	0.004
	0.029
	0.038
	0.042
	0.004
	0.035
	0.060
	0.062

	Mac_OS_o2
	0.005
	0.036
	0.057
	0.072
	0.004
	0.029
	0.036
	0.040
	0.004
	0.035
	0.059
	0.062


***** CHANGE 2 *****
[
5.3.3 Maximum Loudness Difference
5.3.3.1 
General Methodology
This section describes the calculation of the maximum loudness difference (MLD) per item. The procedure is adopted from the loudness calculation of PEAQ [11] using the Filter bank-based ear model. The following steps need to be processed:
· Filterbank (Annex 2 section 2.2.5 of [11])

· subsample factor F changed to 16 for higher time resolution. 

· Outer and Middle Ear Filtering (Annex 2 section 2.2.6 of [11])

· Frequency Domain Smearing (Annex 2 section 2.2.7 of [11])

· Rectification (Annex 2 section 2.2.8 of [11])

· Time Domain Smearing 1 – Backward Masking (Annex 2 section 2.2.9 of [11])

· Adding of Internal Noise (Annex 2 section 2.2.10 of [11])

· Time Domain Smearing 2 – Forward Masking (Annex 2 section 2.2.11 of [11])

· Loudness (Annex 2 section 3.3 of [11])
· This section defines the specific loudness patterns [image: image5.emf]
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· The specific loudness patterns are calculated for 

· reference signal [image: image11.emf]









· signal under test [image: image13.emf]k,n










· Maximum Loudness Difference (MLD)

· The loudness difference [image: image15.emf]di
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 is calculated as follows:
· [image: image17.emf]airrlnl = k 1 rerlk, n] — Ngse Lk, nl










· The maximum loudness difference (MLD) for this item is then the maximum over all [image: image19.emf]
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 has a granularity of 2ms:
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5.3.3.2 Proposed Encoder Conformance Test
The MLD metrics could be used to test the EVS floating-point codec [3] encoder implementation. Figure 5 shows the flow diagram of the proposed encoder conformance test:
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Figure 5: Flow diagram for the encoder test using MLD Loudness Difference metric

All encoder test vectors from TS 26.444 will be encoded using the Float implementation under test. The bit-stream obtained will be then decoded using the 3GPP reference Float decoder from TS 26.443 to obtain the test signals. The test signals will then be compared with the decoded outputs from TS 26.444 according to method described in Clause 5.3.3.1. The reference signals are already available as part of TS 26.444 and therefore do not need to be generated. Since the loudness tool in the presented form operates on 48kHz sample rate only, additional resampling shall be applied before processing.

For a conformance test a global limit for MLD could be defined, which shall not be exceeded by any time sample in each test vector. Setting such threshold is for further study.
]
***** CHANGE 3 *****

6.4 Experiment D

6.4.1 Delta-MOS-LQO Behaviour for Mixed-Music Signals

A 10-second long mixed-music input was processed through the FL reference (REF) implementation and an FL test implementation. The FL test implementation TEST(Clip2.deg2.32k) includes e.g., certain optimizations related to parameter quantization, over the FL reference implementation REF (Clip2.deg1.32k), which introduced a clear, audible artifact as shown in Figure 17.

	Spectrogram of REF (Clip2.deg1.32k)
	Spectrogram of TEST (Clip2.deg2.32k)
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Figure 17: Spectrogram of reference and degraded waveform

Table 12 shows the MOS-LQO scores for the two outputs using POLQA version 2.4.  

Table 12: MOS-LQO scores for reference and degraded file

	
	REF (Clip2.deg1.32k)
	TEST (Clip2.deg2.32k)
	Delta-MOS-LQO

	MOS-LQO Score
	4.2622
	4.2662
	0.004


Although this is a serious artifact and is clearly audible, Delta-MOS-LQO between these two samples is not noticeable at all, with a value of 0.004. Note that the nature of modification of source code in “Clip1.deg2.32k” is not relevant here. Rather the more important and relevant fact here is that POLQA tool only shows a negligible difference in the scores for two vastly different mixed-music signals.
6.4.2 Clean Speech Input Example
We present a clean speech input example below with relevant POLQA MOS LQO scores. 8 seconds long Super-Wideband clean speech input was bandpass filtered to match the required frequency range of POLQA (50 Hz to 14 kHz) and was processed through FL reference (REF) implementation and an FL test implementation. The FL test implementation TEST (Clip1.deg2.32k) includes certain optimizations related to parameter quantization, over the FL reference implementation REF (Clip1.deg1.32k)

	Spectrogram of REF Clip1.deg1.32k
	Spectrogram of TEST Clip1.deg2.32k
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Figure 18: spectrogram of reference and degraded speech waveform

Table 13 shows the MOS-LQO scores for the two outputs using POLQA version 2.4.  

Table 13: MOS-LQO sores for reference and degraded signal
	
	REF Clip1.deg1.32k
	TEST Clip1.deg2.32k
	Delta-MOS-LQO

	MOS-LQO Score
	4.3888
	4.3752
	0.0136


Clip1.deg2.32k output has an annoying high-pitched chirp/whistle type artifact that is clearly audible, and it is shown in the spectrogram above. However, the Delta-MOS-LQO between the two cases is infinitesimal, at 0.0136. 

Note that the nature of modification of source code in “Clip1.deg2.32k” here is not relevant. Rather the more important and relevant fact here is that POLQA tool only shows a negligible “Delta-MOS-LQO” score for two vastly different “clean speech” signals, which is the main category of signals intended to be used with POLQA.
Statistics from extending experiment D to a larger database of around 8.5 minutes of clean speech and the delta-POLQA are included in Table 14.

From the Table 14, it is clear that the delta-POLQA values are quite low while the subjective quality degradation is quite serious as shown in the spectrograms above. 

Table 14: Experiment D: Delta-POLQA values between the Reference and Test signals 
	
	
	Clean speech (database including about 64 sentence pairs)

	Delta-POLQA values
	Average
	0.05425

	
	Std. dev
	0.04548

	
	Max. value
	0.0832

	
	95 percentile
	0.04293


6.4.3 MOS LQO evaluation

The code change has been implemented using floating-point version C90 and tested using Linux.

Figure 19 shows the CDF of MOS-LQO difference for all conditions and use cases, and Table 15 reports the statistics of the MOS-LQO difference for the 2 codes (C90 and C90+AHEVS429_D code change).

Table 15: Summary of MOS-LQO differences for all conditions

	Case
	Min
	Max
	Mean
	StdDev
	Quantile_95
	Quantile_99

	A-B
	-0.1138
	0.0819
	0.0006
	0.0195
	0.0359
	0.0612

	A-C
	-0.0538
	0.0630
	0.0011
	0.0103
	0.0198
	0.0362

	A-D
	-0.0928
	0.0829
	0.0009
	0.0195
	0.0373
	0.0637

	A-B AHEVS-429_D
	-0.1138
	0.1277
	0.0106
	0.0289
	0.0668
	0.0950

	A-C AHEVS-429_D
	-0.0538
	0.1331
	0.0109
	0.0252
	0.0631
	0.0904

	A-D AHEVS-429_D
	-0.0928
	0.0829
	0.0009
	0.0195
	0.0373
	0.0637
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Figure 19: CDF of MOS-LQO differences for all conditions.
It can be seen that even if the code changes affects only SWB and FB the degradation in the CDF and statistic for the A-B and A-C case is noticeable. As the code change is only for decoder, the encoder case A-D is not affected. For example the Mean MOS-LQO difference is increased by a factor close to 20 for the A-B condition (testing both encoder and decoder float implementation)

As the code change only impacts higher bandwidth, the CDF and statistic for only the SWB  conditions are reported in Figure 20 and Table 16.  
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Figure 20: CDF plot of MOS-LQO difference for SWB condition 
Table 16: Summary of MOS-LQO differences for SWB conditions

	Case
	Min
	Max
	Mean
	StdDev
	Quantile_95
	Quantile_99

	A-B
	-0.0528
	0.0706
	-0.0013
	0.0196
	0.0351
	0.0475

	A-C
	-0.0319
	0.0365
	0.0019
	0.0097
	0.0224
	0.0311

	A-D
	-0.0568
	0.0758
	-0.0026
	0.0200
	0.0340
	0.0595

	A-B AHEVS-429_D
	-0.0444
	0.1277
	0.0264
	0.0319
	0.0865
	0.0972

	A-C AHEVS-429_D
	-0.0127
	0.1318
	0.0298
	0.0315
	0.0812
	0.1272

	A-D AHEVS-429_D
	-0.0568
	0.0758
	-0.0026
	0.0200
	0.0340
	0.0595


When the CDFs are computed for only the SWB the effect of the code change is even more noticeable. All the statistics for A-B and A-C used case show significant degradation.

Similar results are obtained in case of FB condition only.
6.4.4 Decoder test results
The code change has been implemented using floating-point version C90 and tested using Microsoft Visual Studio. In this test the decoder test described in Clause 5.2 of TR 26.843 was used. The various thresholds and criteria indicated in clause 5.2.6 of TR 26.843 were used. 

The results indicate that 379 test vectors are failing. The detailed results are mentioned in table 17. Note that the test is carried out on 2675 test vectors (The JBM test vectors were excluded).

Table 17: Statistics from the decoder test

	
	RMS
	SNR
	Spectral Distortion

	Number of frames tested
	2349830
	211939
	161210

	Number of frames passing
	2137891
	50729
	2818

	Number of frames failing
	211939
	161210
	158392

	Ratio of frames passing 
	91
	23.9
	1.7

	Ratio of frames failing
	9
	76.1
	98.3


Overall 6.7% of the frames are failing.

An implementation with the proposed code change will not be conformant to TS 26.443 [2] according to the decoder conformance as currently described in Clause 5.2 of TR 26.843.

***** CHANGE 4 *****
[
6.6 Experiment F
In this section results with the loudness tool described in Clause 5.3.3 are presented. The encoder test vectors have been processed as described in Figure 5 of Clause 5.3.3.2, using the most recent test vectors, related to TS 26.443 in the currently available version v12.9. 
This includes Microsoft Visual Studio 2013 using “Debug” and “Release” settings and the “/fp:fast” option. VS2013 has been forced to IA32 builds to resemble build settings similar to the ones used for the reference binary.
GCC in version 5.0 on Linux is also part of this analysis with build options “-O0”, “-O2”, “-O3” and “-Ofast”.

In figure x the box plot over all test vectors for a particular build is plotted.
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Figure x: MLD Loudness Difference metric for various builds

In Figure x it can be observed that VS2013 Release and Debug builds don’t show any MLD. When however the floating-point model is changed from the default “/fp:precise” to “/fp:fast”, larger MLD values can be observed. Note that “/fp:fast” is similar in nature to GCC’s -Ofast setting, allowing more liberal floating-point operations, like reciprocal math, etc. Larger differences can, as expected, also be observed for GCC -Ofast builds, whereas the unoptimized GCC -O0 build seems to not have large MLD values, i.e. being relatively close to the reference binary in TS 26.443. The GCC -O2 and -O3 settings are in between -Ofast and -O0 builds, indicating that there is some difference, with however smaller deviations than -Ofast.

]
***** CHANGE 5 *****

7
Conformance Process

7.1
Description
[

For a floating-point implementation based on TS 26.443 to be conformant, it is proposed that the following three tests should be done and pass successfully:

· Decoder test based on Signal metrics described in Clause 5.2 comparing the CUT decoder implementation with TS 26.443 decoder

· Encoder test (possibly based on Loudness metrics described in Clause 5.3.3) comparing CUT encoder implementation with TS 26.443 encoder

· MOS-LQO verification based on POLQA described in Clause 5.3.2 comparing CUT implementation with TS 26.442 implementation

Figure 24 presents an overview of the possible flow chart for EVS conformance process. 
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Figure 24: Flow chart for possible EVS float conformance process

]
***** CHANGE 6 *****

8
Interoperability

8.1
Description
[
By using implementations being conformant to either TS 26.442 or TS 26. 443, there are two interoperability concerns that comes to mind.
The first concern is about interoperability between fixed-point and floating-point implementations. For a given release version of EVS, both implementations in TS 26.442 and TS 26.443 are tested together to minimize any interoperability issue that could be introduced by the code changes. Furthermore, interoperability relevant code parts including all bit-stream operations are included as fixed-point code into 26.443. Old versions of EVS implementations showing interoperability issues have been discarded. Based on these it could be assumed that any release of EVS fixed-point and floating-point standards are fully interoperable.  

The second one arises from the belief that by not using bit-exact criteria two floating-point implementations could be non-interoperable. This is discussed in the next clause.      
8.2
Interoperability Testing
Clauses 5.2 and 5.3 describe signal-based methods and perceptual-based methods for a conformance procedure for evaluating various EVS floating-point implementations. 

· In Clause 5.2, the decoder implementation on any given compiler is tested against the test vectors from 26.444 (corresponding to e.g., floating point 32-bit MSVC implementation).  The decoder conformance procedure is depicted as in Figure 24.

· In Clause 5.3, the encoder-decoder chain is proposed to be evaluated based on a delta MOS-LQO measure using the POLQA tool. The encoder-decoder conformance procedure is depicted in Figure 25.
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Figure 24. Decoder conformance, where each of the decoder implementations on different compilers (e.g., N different compilers) verified based on the test vectors from 26.444. 
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Figure 25. Encoder-decoder conformance, where each of the encoder/decoder implementations on different compilers (e.g., shown here for 2 compilers) verified against the Fixed (FX) implementation. 

The conformance procedure shown in Figure 24 evaluates only Float (FL) decoder  implementations. The procedure is similar to what is typically followed in MPEG standards for evaluating decoder conformance, that serves streaming or playback type of applications (or decoder-only FL implementations in conversational applications).

For end-to-end conversational application, the conformance procedure shown in Figure 25 evaluates Encoder/Decoder chain for the three combinations, i.e., 1) FL_Enc <-> FL_Dec, 2) FX_Enc <-> FL_Dec, and 3) FL_Enc <-> FX_dec against FX_Enc <-> FX_Dec. 
By combining both conformance procedures (figure 24 & 25), the CUT float implementation is evaluated against both the FX reference implementation and the FL reference implementation, minimizing potential interoperability issues. Furthermore, using both methods the coverage of test vectors is significantly increased, providing more confidence to the float conformance even if bit-exactness criteria are not used. 

The conformance test of an implementation (fixed or float) should be done against the reference code and not against another custom implementation. If two implementations are conformant then they should not have interoperability issues


An interoperability issue could arise when a bit-stream from FL compiler #1 implementation is decoded by compiler #2 implementation and there is a strong artefact observed at the UE #2, is it the issue with FL Encoder compiler #1 or the issue with FL Decoder at compiler #2? 
It should be noted that this scenario is not limited to FL compiler implementations but could also arise with fixed-point implementation, as such issue will happened with samples that are not part of the set of test vectors. In case of an artefact occurring, both implementations should be tested against the reference code (Fixed or Float) for the particular test sequence exhibiting the scenario. If the bit-stream from implementation #1 decoded using the 3GPP reference code yield no artefact, the problem is with the implementation #2. However if the decoded output of the 3GPP reference code has the same artefact, the problem is with implementation #1. Similarly if the decoded wave file obtained using 3GPP reference code and implementation #2 decoder yield artefact, the problem is with implementation #2. 

The main difference from debugging perspective between floating-point and fixed-point implementations is that for the former bit-stream cannot be checked for bit exactness and thus require to assess the decoded output,     




]

8.3
Conclusion

[

Having a different process and criteria for floating-point implementation doesn’t mean that the risk of interoperability issues is higher. 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 7 *****
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