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Summary
This document provides numerical results on AMR-WB complexity evaluation using a version instrumented with STL2009 basic operators and compares it with the version with ETSI basic operators. Based on those results, the sources propose a relative complexity calculation method for EVS codec design constraints.

1. Introduction
In SA4#62 meeting in Berlin, it was agreed to define the EVS codec complexity design constraint in terms of absolute wMOPS and to convert it to relative to AMR-WB. The group also agreed to use STL2009 basic operators defined in Recommendation ITU-T G.191 [1] for the implementation of EVS codec. However, since AMR-WB has been instrumented with ETSI basic operators, it was questioned how to resolve the operator weighting discrepancies between ETSI basic operators and STL2009 ones. In effort to progress the discussion on the EVS codec complexity design constraint, this document provides numerical results on AMR-WB fully instrumented with STL2009 and proposes a relative complexity estimation factor for this design constraint aspect.
2. STL2009 instrumentation of AMR-WB
NTT has re-instrumented AMR-WB codec was using STL2009 basic operators. The work is based on C-source code provided in version 9.0.0 of TS 26.173 [2]. Firstly, legacy ETSI basic operators were replaced with ones in STL2009. Then the source code was revised mainly focusing on replacing control directives and conditional branches, such as “if()”, “else” and “for()”, to respective macros, such as “IF()”, “ELSE” and “FOR()”. Those macros were newly introduced in STL2005. During the course of re-instrumentation, there was an effort made to follow the coding guidelines given in the STL2009 manual (Chapter 18) [2]. This instrumentation was reviewed by VoiceAge and Huawei Technologies.
 3. Complexity evaluation of STL2009 instrumented AMR-WB
Using the test vectors attached in TS 26.173, the observed worst case complexity figures, with DTX operation enabled, are given in Table 1. Those figures were confirmed by Orange.
Table 1: Observed worst case complexity for the test vector in TS 26.173 [wMOPS]

	
	Legacy ETSI basic operators
	STL2009 basic operators
	Enc+Dec relation

	
	Encoder
	Decoder
	Enc+Dec
	Encoder
	Decoder
	Enc+Dec
	

	Mode 0
	19.241
	7.025
	26.266
	21.161
	7.360
	28.521
	1.086

	Mode 1
	22.265
	6.479
	28.744
	24.631
	6.884
	31.515
	1.096

	Mode 2
	25.371
	5.818
	31.189
	28.075
	6.363
	34.438
	1.104

	Mode 3
	27.470
	5.869
	33.339
	30.473
	6.411
	36.884
	1.106

	Mode 4
	27.651
	5.904
	33.555
	30.671
	6.443
	37.114
	1.106

	Mode 5
	28.411
	5.954
	34.365
	31.549
	6.491
	38.040
	1.107

	Mode 6
	29.367
	5.980
	35.347
	32.585
	6.514
	39.099
	1.106

	Mode 7
	29.048
	6.063
	35.111
	32.311
	6.602
	38.913
	1.108

	Mode 8
	27.808
	6.679
	34.487
	30.138
	7.239
	37.377
	1.088

	Worst
	29.367
	7.025
	36.392
	32.585
	7.360
	39.945
	1.097


The observed worst case encoder and decoder complexities were commonly found in Mode 6 (19.85 kbps), and were 35.347 and 39.099 wMOPS for legacy ETSI and STL2009 basic operators, respectively. When looking at the encoder + decoder complexity, it was found that the relative complexity was 1.100 in average. This means that when using STL2009 basic operators, the computational complexity of AMR-WB would increase about 10% when compared with the legacy ETSI basic operators.
In general, weighting of number of operators were reduced in previous version of STL (STL2005), but due to the instrumentation of the conditional branches and control loops, it is of a little surprise that there was an increase in the overall figure for the AMR-WB case.
This means that the worst case complexity, 38.97 wMOPS for theoretical worst case and/or 36.13 wMOPS for worst observed frame (as given in TR.26.976 [3]), would have to be multiplied with 1.1, in order to obtain proper complexity figures.
4. Conclusion

From the complexity evaluation results above, the sources believe that it is reasonable to assume that the difference in the absolute complexity count in wMOPS would increase about 10% when fully instrumented with STL2009. The sources propose to use this factor to define the EVS codec complexity design constraints. This means that the AMR-WB relative complexity figure will be calculated as:
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 are EVS complexity relative to AMR-WB, agreed absolute EVS complexity in wMOPS and AMR-WB in legacy ETSI basic operators, respectively. 
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